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ORIGINAL ARTICLES 


EFFECT OF APNEA NEONATORUM ON 
INTELLECTUAL DEVELOPMENT 


By GENE L. Uspin, M.D.,* AND MARVIN L. WEIL, M.D. 
Cincinnati 


HE question of the ultimate effect of varying degrees of delayed onset of respiration 

in the newborn infant has always been troublesome to the physician. Studies, mainly 
done in the past 13 years, have led to conflicting conclusions. There are those who claim 
that temporary cerebral changes will take place if the infant does not breathe spontaneously 
within 30 seconds after the cord is severed,?? and that permanent cerebral changes will 
ensue if oxygenation of the blood stream does not occur within one or two minutes.” * On 
the other hand, others are not convinced that damage leading to subsequent ill-effects 
need necessarily occur when the infant does not breathe within the first few minutes.*-® 
The present study was designed to compare the intellectual development, at 13 or 14 
years of age, of children who had been apneic at birth with that of children who had 
breathed spontaneously (see table 1). 

In this problem, as always, nomenclature is of cardinal importance. The term asphyxia 
has had the widest use in connection with the problem. Dorland’s American Illustrated 
Medical Dictionary’ defines asphyxia as “suffocation, also suspended animation from 
suffocation.” There are numerous shadings of and objections to this definition. Ety- 
mologically asphyxia means the absence of throbbing. Gradually the import of the word 
has centered more on suffocation. Eastman® points out that the term apnea neonatorum, 
which is merely descriptive and carries no implication :with regard to etiology, seems 
preferable to the older designation. This paper utilizes the term apnea to define more 
clearly the state which the present authors studied. In quoting other studies, however, 
the term employed by the particular authors cited will be used. 

The ability of fetal and newborn organisms to survive a period of neonatal apnea 


which would be fatal to an adult has been well established. 1° Nevertheless there can be 
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TABLE 1 













Apneic Group 


Control Group 














Child Duration Grade in Child Grade in 

No. of Apnea School 1.Q. No. School 1.Q. 
1. 5 8 71 ¥: 6 58 
z 3 7 72 z= SL 69 
E 4 i hg 73 3. 6 72 
4. 10 = 75 4. 7 73 
§. 10 SL 78 5. 8 73 
6. 4 ‘4 80 6. 7 74 
7. 6 6 80 3 6 79 
8. 3 6 81 8. 7 81 
9. 3 6 81 9. 6 82 
10. 3 z 83 10. 8 83 
af: 3 6 86 1f: 8 84 
12. 7 6 86 12. 6 85 
13. 10 7 87 13. 7 86 
14. 4 7 89 14. 8 88 
15. 3 6 89 15. 7 89 
16. 4 8 92 16. 7 89 
17. 3 8 93 17. 7 89 
18. 5 6 95 18. 7 90 
19. 4 7 95 19. 7 90 
20. 3 7 96 20. 8 91 
21. 3 7 97 2f. 6 92 
22. 3 7 97 22. 7 93 
23. 5 8 98 aa. 7 93 
24. 3 8 98 24. 7 95 
25. 6 6 101 25. 7 95 
26. 6 8 101 26. 8 96 
af. 3 7 101 27. 7 96 
28. 3 7 102 28. 7 96 
29. 3 8 102 29. 8 97 
30. 4 8 103 30. 8 98 
31. 10 7 105 31. 8 98 
32. 4 8 106 a2. 7 98 
33. 3 8 107 33. 7 100 
34. 3 8 108 34. 8 105 
35. 6 7 110 35 7 107 
36. 3 7 113 36. 8 108 
37. 3 8 114 37. 8 108 
38. 5 8 118 38. 8 109 
39. 4 8 123 39. 8 111 
40. 5 8 130 40. 8 111 
41. 5 8 130 41. 7 117 
42. 8 122 

43. 8 129 








* Slow learner class. 
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no doubt that there is a period of neonatal apnea which cannot be exceeded without in- 
creased likelihood of permanent physical or mental impairment. 

Courville! has emphasized that the principal and most important effects of anoxemia 
are to be found in the central nervous system, and this is due to the sensitive character of 
nervous tissue. Over 40 years ago, Gomez and Pike*? noted that the cells of the cerebrum 
suffered permanent damage after eight minutes of anoxia, that the Purkinje cells of the 
cerebellum showed diffuse chromatolysis after 13 minutes, and that the cells of the vital 
medullary centers showed similar results after 20 to 30 minutes. More recently, Wein- 
berger and his co-workers** confirmed the observation that the cerebral cortex is the first 
area involved. Thus oxygen deficiency can injure the cortex without affecting the vital 
centers. The important question that remains unanswered, however, is the degree of anoxia 
necessary to produce permanent damage or destruction of cortical cells. Investigators, 
working with laboratory animals, have made various estimates regarding the length of 
time that cortical cells can tolerate circulatory arrest; their estimates have ranged from 3 
minutes 10 seconds’* to 7 or 8 minutes!* 14 and “less than 10 minutes.’’?® 

The majority of studies concerning effects of neonatal apnea have been done ‘retrospec- 
tively. A group of persons known to have some physical or mental defect was selected, and 
an attempt was made to secure birth histories of the group; finally the percentage of apneic 
infants in the defective group was compared to that found by a study of routine deliveries. 
Such studies may give suggestive evidence but do not provide for prognostic assessment 
of apneic infants. Obviously, the apneic infants who showed normal development would 
not have been followed by this technic. 

Schreiber? noted that 70% of 500 children referred because of neurologic disorders 
had a history of apnea at or soon after birth; but, in evaluating this finding, we must 
consider the possibility that the apnea in some patients might have been on the basis of 
a congenital neurologic disorder. In a later paper, Schreiber’’ reported an investigation 
of 146 children who had low intelligence quotients. He included only those whose birth 
histories were available from hospital records. He excluded 46 of the original 146 because 
of a family history of mental deficiency or postnatal factors, and compared the remaining 
100 with 100 control children of comparable background but of ‘good adjustment.” The 
criteria for apnea were not given; and whereas individual tests of intelligence were done 
on the retarded children, group intelligence ratings were used for the controls. His article 
did not specify the names of the individual or group tests used. Cronbach'® has emphasized 
that “different tests of the same function are not interchangeable” and that a number 
of authors have not only used different groups for standardization but often have con- 
verted simply on the basis of the mean being 100. Also the inferiority of group intel- 
ligence tests as contrasted with individual tests is well established.1® The discrepancy 
between results of group tests and true intelligence may be sufficiently large to suggest 
apparent differences of considerable proportions, and yet the differences may really be 
insignificant. By such a retrospective technic, Schreiber concluded that a relationship 
existed between low intelligence and neonatal apnea from whatever cause. 

In recent years a number of reports have traced the development of children known 
to have been apneic or asphyxiated at birth. McPhail and Hall?° analyzed a series of 
1,005 deliveries and found “severe apnea” to be present in 5.8% and ‘mild apnea” in 
8.7% of the cases. Those cases considered as fulfilling the criteria for severe apnea were 
“all cases in which breathing and crying were delayed more than a minute and all cases 
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developing cyanosis in the first few days of life.’ Cases considered as fulfilling the 
criteria for mild apnea were those “in which the onset of respiration was delayed more 
than thirty seconds but was well established in one minute; in this latter category if 
cyanosis was present it must have cleared as breathing became regular.’ The authors 
attempted a follow-up at school age of 861 consecutively born infants and were able to 
trace 270 of them. Of these, 23 had had “mild apnea” at birth while only 11 had 
experienced ‘‘severe apnea.” The children were given group intelligence tests (Kuhlmann- 
Anderson), and teachers completed the Haggerty-Olsen-Wickham Behavior Rating 
Schedules on their individual students. McPhail and Hall concluded that apnea may be 
present at birth without resultant brain damage provided that oxygen is given during 
the apneic period. The following factors must be considered in evaluating this conclusion: 
(1) the apnea was of shorter duration than that studied by most subsequent investigators ; 
(2) cyanosis was used as one of the criteria; (3) group intelligence quotient tests were 
used. 

The implications of the first factor are immediately evident, and the third has been 
discussed previously. Since cyanosis is dependent upon adequacy of oxygenation of the 
red blood cells, infants with elevated red blood cell counts may show cyanosis without 
having any oxygen want on the part of tissues.?"»** The high degree of unsaturation of 
fetal blood in respect to oxygen indicates that the full-term fetus in utero exists normally 
in a state of cyanosis.?* 

From a study of 25,261 deliveries, Darke* selected 49 cases in which the infant 
had survived a severe degree of anoxia without obvious accompanying physical trauma. His 
criteria for selection were: (1) no abnormal neurologic findings at the time of birth, 
during the neonatal period, or at the time of the follow-up examination; (2) severe 
asphyxiation, with an effort being made to secure cases of children who had asphyxia 
pallida or who were definitely stated to have been apneic for a period of three minutes 
or longer; (3) cases in which intracranial hemorrhage was neither diagnosed nor sus- 
pected. Darke was able to trace 19 of the 49 children and to have psychologists administer 
Stanford-Binet Intelligence Tests to them. As a control, a parent or sibling of each 
asphyxiated child was examined. Darke concluded that “very severely asphyxiated and 
apneic newborn infants with no evidence of injury at or following birth are significantly 
retarded in mental development.” 

Difficulties ‘encountered by Darke in his study may have affected his conclusion. 
Four of his subjects met one of the criteria by inference from birth histories, while in 
an additional group of five children no objective statement as to duration of apnea was 
obtainable. The age of the children at the time of the follow-up examination varied from 
2 yeats and 5 months to 11 years and 8 months. Green”® has noted that pre-school tests 
correlate poorly with Stanford-Binet tests given in later years and actually tests given at 
2Y, years have a correlation of but 0.39 with those given at the age of seven years. Darke 
evaluated the validity of his control group by noting that the correlation between intelli- 
gence of parents and their children in the general population has been reported to range 
from 0.45 to 0.55%° and the coefficient of correlation between intelligence of siblings on 
the Stanford-Binet scale was reported to range between 0.40 and 0.68.77 This degree of 
correlation cannot be considered high. 

Campbell and his co-workers® have recently completed a detailed and thorough study 
of the effects of asphyxia neonatorum. Their criteria for selection of the asphyxiated group 
were: (1) asphyxia pallida; (2) asphyxia livida lasting for a period of over two minutes. 
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As a control group, children born immediately before and immediately after each 
“asphyxia” patient were used. Sixty-one of the “asphyxia” group and 133 of the control 
group were given the Raven Progressive Matrices Intelligence Tests. This test divides 
subjects into five grades. The Raven Matrices showed no significant difference in the 
intelligence distribution of the two groups. In a discussion of the Matrices, Raven*® 
emphasized that it is not a test of general intelligence but is a “non-verbal test of a per- 
son’s capacity at the time of the test to apprehend figures presented for his perception, see 
the relations between them and conceive the correlative figures completing the systems of 
relations presented.” Thus, rather than testing the combinations of factors making for 
intelligence, Raven’s Progressive Matrices seem to be primarily a test of integrative 
capacities combining perceptual and conceptual abilities. Also the Progressive Matrices are 
comparatively recent in origin, apparently have been used primarily in Great Britain, 
and therefore lack the thorough standardization of the Stanford-Binet tests. 

In the present study a case was excluded from consideration if any of the following 
conditions were present: (1) prematurity of more than a month; (2) delivery by 
cesarean section; (3) any abnormal neurologic finding at the time of birth, during the 
neonatal period or at the time of the present examination ; (4) diagnosis or even suspicion 
of intracranial hemorrhage; (5) history or evidence of any hereditary or congenital 
factor or of obvious neurologic lesion attributable to the delivery or to subsequent trauma 
that in itself might impair the infant’s development. Thus a history of head trauma, 
brain infection, congenital heart disease, hemorrhagic disease of the newborn, positive 
serologic reaction of the mother during pregnancy, rubeola in the first trimester of the 
pregnancy, or familial feeblemindedness excluded the cases from the study. Technics of 
resuscitation used on the apneic infants were aspiration of mucus, oxygen by mask, 
mouth-to-mouth breathing, water baths and intramuscular injections of stimulating drugs. 

The records of 2,432 obstetric cases, representing all the births at the Cincinnati Gen- 
eral Hospital during 1937, were reviewed. From these were selected all cases of infants 
who were apneic for three or more minutes and who fulfilled the aforementioned criteria. 
Ninety such cases were found. As a control an equal number of cases of infants who 
breathed immediately at birth and who also fulfilled the above criteria were selected at 
random from births occurring during 1937. The records of the State Hospital for 
Feeblemindedness and Epilepsy were checked, and apparently none of these 180 children 
had been or were patients at these institutions. It was possible to locate 45 of the control 
and 43 of the apneic group. Subsequently two from each group were eliminated on the 
basis of further medical data in the charts of the Children’s Hospital and the Cincinnati 
General Hospital. The school health records of the remaining 43 children in the control 
and the 41 in the apneic group were reviewed, and each child was given a physical and 
neurologic examination without the examiner's knowing the birth history of the child 
being examined. No further exclusions were necessary on this basis. Then the Stanford- 
Binet, Form L, Intelligence Test was administered to each child without the psychologist’s 
knowing to which group the child belonged. Four children in each group who had taken 
this test within the past four years were not tested. 


RESULTS 


Evaluation of intelligence by Stanford-Binet tests revealed a normal distribution for 
the intelligence of the apneic group around a mean quotient of 96.2, whereas that of the 
control group was normally distributed around a mean of 93.0. The range of intelligence 
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quotients of the apneic group was from 71 to 130, whereas that of the controls was from 
69 (with the exception of a 58 which was substantially separated from the other scores) 
to 129. Particularly noteworthy is the fact that one child who had a 10 minute apneic 
period at birth had an intelligence quotient of 105 fourteen years later. Two children who 
had experienced five minute periods of neonatal apnea had the highest intelligence quo- 
tients (130) of all the children studied. Also the mean intelligence quotient of the 17 
children who had had 4, 5 or 6 minute periods of apnea was 99.7. 

Computation of the standard error of the mean revealed the lack of a significant dif- 
ference between the apneic and control groups: 


Mean I1.Q. 
Group No. + S.E. of the mean 





Apneic 41 96.2 + 2.34 





Control 43 93.0 + 2.20 


As a confirmatory statistical procedure, Student’s T-test?® was used, and this revealed 
no significant difference between the means of the two groups. The probability of the 
occurrence of a difference as great as or greater than that between these means was found 
to be 0.32. 


SUMMARY 


The intelligence of a group of 41 children who had been apneic for three or more 
minutes at birth was compared with that of a control group of 43 children who had 
breathed spontaneously at birth. The children were 13 and 14 years old at the time of 
the study. All the children had been born in the Cincinnati General Hospital in 1937 and 
therefore should derive from an essentially similar socio-economic strata. Insofar as 
seemed possible, all cases with factors that might in themselves have impaired the child’s 
motor or intellectual development were excluded. Individual intelligence tests were 
administered. A statistical analysis of the results of these tests revealed no significant 
difference between the intelligence of the apneic and control group. 
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SPANISH ABSTRACT 


Efectos de la Apnea del Recien Nacido Sobre el Desarrollo Intelectual 


El problema del efecto real que pueden ocasionar diversos grados de retraso en la iniciacién de 
la respiracién en el recién nacido, ha constituido siempre una interrogacién para el médico. 

Los estudios, principalmente hechos en los altimos 13 afios, han llevado a conclusiones contradicto- 
rias. Hay algunos que opinan que se presentaran cambios cerebrales transitorios si el nifio no 
respira espontaneamente 30 segundos después de que el cordén umbilical ha sido seccionado, y que 
habra alteraciones cerebrales permanentes si no hay oxigenacién de la corriente sanguinea en uno 
6 dos minutos. Por otra parte ciertos autores no estan convencidos de que ocurra necesariamente 
algan trastorno cuando el nifio no respira en los primeros minutos de vida. El presente trabajo fué 
planeado para comparar el desarrollo intelectual a los 13 6 14 afios de edad, de los nifios apnéicos al 
nacimiento con otros que habian respirado esponténeamente. 

Se excluyeron aquellos casos que presentaban cualquiera de los siguientes problemas: (1) prema- 
turez de mas de un mes; (2) parto por seccién cesarea; (3) cualquiera anomalia neuroldégica 
demostrada al nacimiento durante el periodo neonatal o al ser examinado para el] presente estudio; 
(4) diagndéstico o atin sospecha de hemorragia intracraneana; (5) antecedentes o evidencia de 
cualquier factor hereditario o congénito o de lesién neurolégica obvia, atribuible al parto o a un 
trauma subsecuente, que por si misma comprometiera el desarrollo del nifio. Asi aquellos pacientes 
con historia de trauma craneano, infeccién cerebral, cardiopatia congénita, enfermedad hemorragica 
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del recién nacido, reacciones serolégicas positivas de la madre durante el embarazo, sarampién en el 
primer trimestre del embarazo o debilidad mental familiar, fueron desechados. 

Se revisaron las historias clinicas de 2.432 casos obstétricos que representaban todos los naci- 
mientos en el Hospital General de Cincinnati durante 1937. De estos se seleccionaron todos los nifios 
que estuvieron apnéicos por tres 6 mas minutos y que Ilenaron el criterio antes mencionado. Se 
encontraron 90 de estos enfermos. Como control se escogié un namero igual de pacientes que respi- 
raron inmediatamente al nacimiento y que también Ilenaron las limitaciones mencionadas, separandolos 
al azar de entre los nacidos en 1937. Fué posible localizar 45 de los controles y 43 del grupo apnéico, 
eliminando posteriormente 2 mas de cada seccién y quedando 43 nifios en grupo de control y 41 en el 
apnéico. A todos los nifios se les verificéd un examen fisico y neuroldégico sin que el médico que 
recogia los datos supiera la historia neonatal del nifio examinado. La prueba de inteligencia de 
Stanford-Binet, Forma L, fué aplicada a cada uno, estando el psicédlogo en conocimiento de cual era 
el grupo al que el nifio pertenecia. Un anilisis estadistico de los resultados de estas pruebas demo- 
straron que no existian diferencias importantes entre la inteligencia del grupo apnéico y el de control. 
Teniendo un coeficiente de inteligencia medio para el grupo apnéico de 96.2 mientras que el grupo 
control lo tenia de 93.0 El margen de variacién de los coeficientes para el grupo apnéico fué de 71 a 
130, mientras que en los controles oscilé entre 69 a 129. 
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UNIPOLAR LEAD ELECTROCARDIOGRAPHY IN CHILDREN 
With Special Reference to Its Value in Congenital Heart Disease 


By L. GEorGE VEASy, M.D.,* AND FoRREST H. ADAMs, M.D. 
Minneapolis 


T IS the authors’ opinion, undoubtedly shared by others, that the electrocardiographic 
tracings taken by the standard leads fail too often to supply the specific information 
desired. This is particularly true in congenital heart disease. It is a distressing experience 
to find normal standard lead tracings in “left sided congenital heart lesions” (i.e., patent 
ductus arteriosus, subaortic stenosis, and coarctation of the aorta) which do not vary ap- 
preciably from tracings of “right sided congenital heart lesions” (i.e., interventricular 
defect, some cases of interatrial defect, and a few cases of isolated pulmonic’ stenosis). 
Since an accurate anatomic diagnosis in congenital heart disease so often rests upon the 
confirmation of hypertrophy of a given chamber, and since it is obvious that standard leads 
are of limited value, it is strange that the method of unipolar lead electrocardiography has 
not been more widely studied. Although it has been over two years since Sokolow and 
Lyon’ * first presented their criteria for ventricular hypertrophy with unipolar ‘“V’’ leads, 
there has been a striking paucity of articles in the pediatric literature on this subject.* * 
It was in the hope that the work of Sokolow and Lyon could be confirmed and that 
more accurate electrocardiographic criteria could be established that the standard limb 
leads and unipolar limb and precordial leads were analyzed in 72 cases of congenital heart 
disease in which the anatomic lesions were confirmed either by heart catheterization, op- 
eration, or postmortem study. In addition a series of 50 control cases of children with 
normal hearts was studied in the same manner. These normal children were divided into 
five equal groups from the following age groups: 1 to 6 months, 6 months to 2 years, 2 
to 6 years, 6 to 10 years and 10 to 16 years. 


BACKGROUND INFORMATION 


Generally speaking, pediatricians are quite unfamiliar with unipolar lead electrocardiog- 
raphy. There is a tendency to regard it as a more complex form of electrocardiographic 
recording because of the greater number of leads taken. Actually, just the converse is 
true, for the standard leads are bipolar leads and therefore represent the difference in 
potential of two unipolar leads. For example, lead I is the recording of the electric activity 
of the heart which is picked up by the left arm electrode minus that electric potential 
which is picked up by the right arm electrode. Lead II tracings represent the recording 
of potential picked up by left leg electrode minus that of the right arm electrode. Lead 
III is the left leg minus the left arm. 

It is easy to conceive the myriad ways by which any single tracing pattern could result. 
For example, a T-wave of a height of 5 mm. in lead I could be obtained by either of the 
two examples as seen in figure 1. 
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Rather than having two electrodes roughly equidistant from the heart and recording 
varying equivalent electric potential as is the case with the standard (bipolar) leads, the 
unipolar lead records only the actual electric activity at the site of application of the 
so-called exploring electrode. Absence of alteration of the electric potential picked up 
by the exploring electrode is made possible by means of what is termed an indifferent 
electrode which records none or a negligible amount of electric potential. The exploring 
and indifferent electrodes are connected to the recording galvanometer in such a fashion 
that the exploring electrode is the positive pole and the indifferent electrode is the negative, 
thus allowing for positive currents to be recorded by an upstroke on the tracing. 

The indifferent electrode as used today was developed by Dr. F. N. Wilson of the Uni- 
versity of Michigan who in 1934 along with his co-workers first described its use.® He 
devised the indifferent electrode by uniting the three limb electrodes to.a common terminal 
interposing a resistance of 5000 ohms in each of the three connecting wires (Fig. 2). 


Lead 1 T wave equals left arm potential minus right arm potential 





5mm. +2mm. - 3mm. 





5mm. +6mm. +Iimm. 


Fic. 1. Illustration showing how by standard lead electrocardiography T-wave in lead I of 5 mm. 
amplitude could be result of 2 entirely different electric situations. 


The theory which prompted the creation of this electrode is the Einthoven triangle 
theory. This assumes that the heart is in the same plane and equidistant from the apices 
of an equilateral triangle represented by the three limb electrodes (Fig. 2). It is obvious 
that such an assumption is not entirely correct, but for practical purposes it has been well 
established that a V common electrode arising from these three points can be regarded 
as a truly indifferent electrode. 

Goldberger in 1942 introduced a modification of the Wilson technic in that he elimi- 
nated the resistances and did not employ a connection to the indifferent terminal from the 
limb from which the tracing was being taken.* This technic, he claimed, gave tracings that 
did not vary significantly in patterns from those taken by the Wilson technic. In addition 
he claimed that these tracings were 114 times as large as those taken by the Wilson technic 
and answered one of the criticisms of unipolar lead tracings.* 


* Although the Goldberger technic was used in the present series, the authors wish to call to the 
reader's ‘attention that there are authoritative differences of opinion on the validity of this method. 
Defense of the method used is beyond the scope of this paper and in the authors’ opinion would 
only prove to be didactic. 
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Unipolar leads are termed “V” leads. The site of the exploring electrode is designated 
by a subscript letter from the limb leads. For example, VR—tight arm lead, VL—left arm 
and VF—left leg. Because of the increased voltage when the Goldberger technic is used, 
the leads are termed “augmented” and are thereby designated as aVL, aVR, and aVF. 
Precordial or chest leads are designated by number for positions recommended by the 
Aanerican Heart Association (see Fig. 3). 

Rosenburg and Agress’ have demonstrated that the precordial lead sites were well 
chosen since V, and , and V, and , face the right and left ventricles, respectively, even 
in presence of hypertrophy. Although this has not been proved to be so by their method in 
children, tracing patterns would indicate that for the most part such is true. In some cases 


Ww) 







Indifferent electrode 
central terminal 
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Fig. 2, Drawing showing essential features of unipolar lead electrocardiography as 
described first by Dr. F. N. Wilson. 
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Fic. 3. Drawing showing positions for precordial or chest leads as recommended 
by American Heart Association. 
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‘Fic. 4. Diagrammatic cross section of heart to show its relationship to chest wall and position of 
chest leads. Normal patterns are illustrated for various leads including patterns seen in vertically 
and horizontally placed heart. 
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the heart may be rotated on its long axis so that the septum lies more to the left. This is 
spoken of as clockwise rotation (as though the observer were viewing the heart from 
below the diaphragm). When this condition is present, left ventricular patterns may not 
be seen until V, or further lateralward. Figure 4 is a diagrammatic cross section of the 
heart to show its relationship to the chest wall and the position of the chest leads. It will 
be recalled that the ventricular activation originates in the A-V node and is carried by the 
bundle of His a short distance along the ventricular septum to the left and right bundle 
branches. These in turn divide into smaller and smaller branches ending in the so-called 
Purkinje network which activates the ventricular muscle from the endocardial to the epi- 
cardial surface (Fig. 4). The first portion of the ventricular muscle to be stimulated is 
the septum which is activated from the left to the right by a branch arising from the left 
bundle branch. 

When electric activation moves toward an electrode, it is recorded as positive, i.e., by an 
upstroke on the electrocardiogram. Conversely when electric activity moves away from an 
electrode, it is recorded by a downward deflection. 

The electric potential is proportional to the ventricular mass. Thus, under: ordinary 
circumstances, the left ventricle exerts more potential than the right. This accounts for the 
normal pattern of a small R-wave due to ventricular septal activation and a large S-wave 
due to left ventricular predominance in those leads which face the epicardial surface of 
the right ventricle (V, and ,). Conversely, those leads facing the epicardial surface of the 
left ventricles (V; and ,) are recorded most usually as a qR pattern (see Fig. 4). Leads 
V; and 4, which lie over the area of the ventricular septum, record tracings which are 
characteristically diphasic and exhibit an RS pattern (see Fig. 4). 

Tracings recorded by the limb leads vary according to the electric position of the heart. 
When the left leg (aVF) lead records tracings resembling those seen over the epicardial 
surface of the left ventricle (V; and ,) while the left arm lead (aVL) records tracings 
resembling those in V, and 2, the heart is said to be vertical. When the left leg lead 
records tracings resembling those seen over the surface of the right ventricle while the left 
arm lead records tracings resembling those over the left ventricle, the heart is said to be 
horizontal (see Fig. 4). Since the right arm electrode always faces the endocardial surface 
whether the left ventricle faces the left leg or left arm electric activity always moves away 
from this electrode and all complexes are therefore directed downward. 


CRITERIA FOR VENTRICULAR HYPERTROPHY 


When hypertrophy occurs the increase in ventricular mass causes an increase in electric 


potential. Thus, those leads which face the epicardial surface of a hypertrophied ventricle. 


record an increase in the amplitude of the R-wave while those leads which do not face 
the epicardial surface record a downstroke of increased amplitude (see Fig. 5). Sokolow 
and Lyon? found that by using R/S ratios from leads facing right and left ventricles 


R/S in V; 
a more accurate definition of hypertrophy could be brought into profile, i.e., ——_——— 
R/S in V, 

,, B/S Vs 
= 0.4 or less in right ventricular hypertrophy while ————— = 100 or more in left 


1 
ventricular hypertrophy. When ventricular mass increases, the time for its complete acti- 


vation is likewise increased, causing a delay in the onset of the intrinsic deflection (see Fig. 
5). This is likewise spoken of as prolongation of the ventricular activation time or V.A.T. 


| 
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Fic. 5. a. Diagrammatic cross section of heart with right ventricular hypertrophy showing typical 
patterns found in various leads. Note prolongation of ventricular activation time in V: and 2. Dotted 
lines represent normal V.A.T. b. Drawing showing heart with left ventricular hypertrophy and 
patterns obtained in various leads. Note prolonged V.A.T. in Vs and «. 





If right ventricular hypertrophy is sufficiently marked, a large portion of its epicardial 
surface may face the right arm electrode which may then record a large R-wave (more 
than 5 mm.), 

RESULTS OF STUDY 


Normal Infants and Children 


The 50 children used as control groups were from the pediatric wards of University 
Hospitals, Minneapolis. They were hospitalized for minor or orthopedic surgery and were 
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TABLE 1 
RANGE OF VALUES FROM 50 NoRMAL INFANTS AND CHILDREN OF VARIOUS AGES 
st Age Group 
0-4 yr. 4-2 yr. 2-6 yr. 6-10 yr. 10-16 yr. 
Axis +60 to +130° +10 to +78 +52 to +80 —2 to +90 —20 to +92 
Devia’n 
Elect. 1-I; 5-V; 4-S.V. 2-I; 1-S.V.; 5-S.V.; 4V. 3-I; 2-S.V.; 8-V 1-H; 1-S.H. 
Posit’n 4V. 2-I; 8-V. 
R aVR 0to5 1to5 0 to 5 0 to 3 0 to 3 
RV: 5 to 40 4 to 18 4 to il 2 to 12 1 to 11 
SV: 15 to 35 1.0 to9 3 to 14 6 to 22 7 to 18 
R/S Vi .52 to 5.3 1.0 to 10 0.5 to 3.3 0.2 to 0.9 0.1 to 1.2 
R Vs 4 to 25 7 to 32 10 to 18 16 to 32 8 to 35 
SV; 2 to 18 3 to 13 1 to 18 3 to 24 1 to9 
R/S Vs .7 to 10 1.1 to4 1 to 10 0.8 to 5.5 1.3 to 13 
R/S V; 
2 t0S.5 -4to 2.8 0.5 to 6.1 2 to 17.4 1.8 to 110 
R/S Vi 
VAT* Vi .02 or less -01 to .03 .01 to .03 -01 to .02 -01 to .03 
VAT* V; .02 or less .02 to .03 .02 to .03 -02 to .03 -02 to .04 
ST Vi —1.0 to +1.0 0 to —1.5 0 to +1 —0.5 to +1.0 0 to 1.0 
ST V; —1.0 to +1.0 0 0 to +1 —0.5 to +1.0 0 to 0.5 
TVi +1.5 to —5 1.0 to7 —1to —4 —1to —8 +1.0 to —4 
TVs 1.5 to7 1.5 to7 2to5 1 to9 2 to7 





* Ventricular Activation Time 





V —Vertical 

SH—Semi-horizontal 

I —lIntermediate 

SV—Semi-vertical 

H —Horizontal 
considered to be free of any cardiovascular disease. A summary of the range of values 
obtained in the various age groups can be seen in table 1. 

Axis Deviation: Except for age group, 0 to 6 months where 70% of cases showed 
+90° or more deviation, right axis deviation was not encountered, The big variation in 
axis deviation occurred between the first group, 0 to 6 months and 6 months to 2 years, 
with there being essentially no difference between age groups above that age. 

Electric Position: Eighty-six per cent of the cases were either vertical or semivertical in 
position, which is in keeping with previous reports by Yu, Joos and Katsampes* and 
Switzer and Basoain.® Ten per cent of the cases were intermediate in position. Only one 
case (2%) was semihorizontal and one case (2%) horizontal, Both of these cases were 
in the 10 to 16 year age group. 

Height of R-Wave aVR: In no case did the R-wave exceed 5.0 mm., although this was 
seen as the maximum height in one case of each of the three younger age groups below 6 
years of age. In the two older groups the maximum height seen was 3.0 mm. This finding 
is slightly different from report of Yu, Joos and Katsampes in that they found maximum 
voltage of R aVR to be lower in younger age groups and higher in older age groups. 

Lead V,: In children below 2 years of age the R-wave usually exceeded the S-wave in 
voltage. Generally speaking higher voltages of both the R- and the S-wave were seen in 
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infants below 6 months of age. There was no essential difference between R/S ratios in 
the two younger age groups between 0 to 6 months and 6 months to 2 years. Above the 
age of 6 years the R-wave exceeded the S-wave in voltage in only one case so that for this 
one exception the R/S ratio varied from 0.1 to 0.9, The ventricular activation time never 
exceeded .03 seconds. In the age group 0 to 6 months the ventricular activation time was 
never more than .02 seconds. The ST segment except for three cases in 0 to 6 months 
group was either isoelectric or elevated up to 1.0 mm. In 2 of those 3 cases the ST segment 
was depressed a 0.5 mm. while the third was depressed a full mm. 

In only six cases was the T-wave positive and in none of these did the deflection exceed 
1.5 mm. Four of the six cases were in the 10 to 16 year age group while the other two 
were in the two youngest age groups. In only two cases did the negative deflection exceed 
5 mm. Since inversion of the T-wave is a normal finding in infants and children, its in- 
version cannot be used as supportive criteria for right ventricular hypertrophy as proposed 
by some? whose figures are largely from adults. 

Lead V;—In only three cases did the S-wave exceed the R-wave in voltage. Two of the 
three cases were found in the younger age group (2 and 314 months). The third case was 
encountered in the 6 to 10 year old group with the R/S ratio being 0.75. There was only a 
slightly higher average mean and higher maximum R/S ratio as the age scale was as- 
cended, e.g., 0.7 to 10.0 with average of 2.33 in 0 to 6 months and 1.3 to 13 with average 
of 5.56 in 10 to 16 year age group. The ventricular activation time never exceeded .03 
seconds in any age group. The ST segment was never elevated more than 1.0 mm. or 
depressed more than a 0.5 mm. in any age group. The T-wave was always positive and 
varied in voltage from 1.0 to 9 mm. with no appreciable difference in range or mean 
values between any of the age groups. 

R/S V; : R/S V, Ratio: This ratio showed a gradual but step-like increase in both mean 
and range values concomitant with age groups. There was only one case with ratio below 
0.4. This was 0.26 and was encountered as might be expected in the first age group. The 
lowest figure obtained in the two oldest age groups was 1.8. The highest figures obtained in 
the lower age groups below 6 years was 6.1. The upper limits was considerably extended 
in the older age groups. A ratio of 110 was present in one case in the 10 to 16 year old 
group; the next highest was 26 in this age group and 17.4 in the 6 to 10 year old group. 


These computed ratios compare favorably with those computed from figures borrowed 
from other investigations.* 1° 


Children With Congenital Heart Disease 


A summary of the range of values obtained in patients with the various congenital heart 
conditions can be seen in table 2. 


1. Interatrial Septal Defect: 


Of the 10 cases of interatrial septal defects, seven were thought to have tracings typical 
of right ventricular hypertrophy exhibiting an R-wave exceeding 5 mm. in amplitude in 
aVR, R-wave predominance in V, and S-wave predominance in V, with an R/S V; : R/S 
V, ratio of .73 to .01, and a V.A.T. of .04 or more in V, ST segment and T-waves 
exhibited no characteristic or consistent findings and it was found that the R/S ratios were 
of more value than were ST and T-wave changes in predicting ventricular predominance. 

The unipolar lead tracings in five cases offered information which either changed the 
interpretation given by the standard leads or offered a sufficient amount of supplemental 
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information that a definite diagnosis could be established. In Patient P.A. the standard 
leads were interpreted as-being abnormal because of a first degree heart block and large 
diphasic QRS complexes compatible with congenital heart disease’! but no definite 
ventricular predominance was demonstrated (axis deviation + 30°). However, unipolar 
limb and precordial leads clearly demonstrated the presence of right ventricular hyper- 
trophy. Large diphasic QRS complexes were encountered in L.J.’s standard lead tracing 
which gave an axis deviation of a minus 130°, suggesting left ventricular hypertrophy. Pre- 
cordial leads, however, were typical of right ventricular hypertrophy. The standard lead 
tracings on L.R. were within normal limits, but right ventricular hypertrophy was clearly 
demonstrated by precordial lead tracings. The QRS complexes were all predominantly 
downward in standard leads in another case (R.S.) giving rise to axis deviation of —50°. 
Unipolar limb and precordial leads showed right ventricular hypertrophy. Because of 
diphasic QRS complexes the standard lead tracings on J.Z. were interpreted as being 
abnormal and compatible with congenital heart disease.11 Right ventricular hypertrophy 
was not proved conclusively until precordial leads were taken. 


2. Interventricular Septal Defects: 


In the nine cases of interventricular septal defect, the value of the unipolar lead was 
clearly demonstrated. In 5 of the 9 cases, unipolar tracings either differed in the interpre- 
tation from the standard leads or added sufficient information that a more accurate electro- 
cardiographic diagnosis could be made. The standard lead tracings from (S.C.) showed 
definite left axis deviation (—45°). The axis deviation was shown by the limb leads to 
be positional and no ventricular predominance could be demonstrated. The standard lead 
tracings in J.E. and P.S. were considered to be abnormal because of large diphasic QRS 
complexes. The precordial leads showed the presence of right ventricular hypertrophy as 
discussed below. In two cases (N.T.) and (R.W.) the standard lead tracings were con- 
sidered to be abnormal because of a left axis deviation (—52° and —30°) but unipolar 
limb and precordial leads failed to demonstrate left ventricular predominance. In case 
of R.W. it was thought that there was strong evidence for both right and left ventricular 
hypertrophy from the precordial leads. The reason for suspecting right ventricular hyper- 
trophy was an R/S V, ratio of 6 and a prolonged V.A.T. in V, of .04. The R/S ratio in 
V; was 20 and the T-wave was only 2 mm. in height giving an R/T ratio of 10, strongly 
suggesting left ventricular hypertrophy.1 The R/S V; : R/S V, ratio was within normal 
limits. 

Three cases were thought to show patterns of definite right ventricular hypertrophy. In 
these three cases there was apparently a sufficiently large shunt that a mild degree of right 
ventricular hypertension was present (40 to 45 mm.Hg). There was likewise radiographic 
evidence of mild right ventricular hypertrophy. These tracings (J.E., P.S. and M.S.) ex- 
hibited classical patterns of high R-waves in V, and large S-waves in V; so that R/S ratios 
fitted previous defined criteria for right ventricular hypertrophy. The R/S ratio in V, 
varied between 5 and 32, while in V, it varied from 1.8 to 0.9. The R/S V; : R/S V; 
ratios in these three cases were well below normal range and varied from 0.05 to 0.18. 
The R-wave in aVR varied from 8 to 20 which was well above the normal maximum of 
five encountered in this series of normal controls. The ventricular activation time in all 
three cases was prolonged (.04 to .05) above the normal limit of .03 in the control series. 

The ‘ST segment offered no consistent finding since in one case (J.E.) it was depressed 
in leads V, and V;, while in another (N.S.) it was depressed in V, and elevated in lead 
V;, and in the third case (P.S.) it was isoelectric in V, and elevated 0.5 mm. in lead V;. 
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In all other cases it was isoelectric. The T-waves likewise offered no specific pattern but 
were unusual in that in 2 of the 3 cases T V, was diphasic while in the third the T-wave 
was positive to a 3 mm. height. One case (J.E.) showed a T-wave of —7 mm. in V;, 
otherwise the T-waves in this lead were within normal limits. 


3. Patent Ductus Arteriosus: 


Unipolar lead tracings in the 17 cases of patent ductus arteriosus studied changed the 
interpretation of standard lead tracings in only four of the cases. The lower percentage of 
change in diagnosis in this group as compared with interatrial and interventricular septal 
defects is in all probability due to the fact that the standard leads appeared normal in all 
but one case (M.C.). Although the R/S V,; : R/S V, ratio had much higher mean and 
range as compared with interatrial septal defect and interventricular septal defect, they 
were all within normal limits, except for the four cases below. 

Case M.B. limb leads showed a vertical heart with clockwise rotation so that in the 
standard leads a slight right axis deviation was obtained (+92°). The degree of clock- 
wise rotation was so marked that a left ventricular pattern was not seen until V, position 
was taken. The V, tracing differed little from V, and V, and it was obvious that this 
tracing was taken in an area overlying the ventricular septum. Because of the clockwise 
rotation the values from V, were substituted for V; changing the R/S V, : R/S V, ratio 
from 4.8 to 33.3. Three other cases (E.H., G.J. and M.D.), although not showing definite 
hypertrophy by usual standards, i.e., depressed ST and lower inverted T-waves, did show 
as did M.B. left ventricular predominance as evaluated from R/S ratios (18 to 36) in 
comparison with normal values for their age groups. 


4, Coarctation of the Aorta: 


Two cases of coarctation of the aorta were studied. In both of these cases the standard 
leads were within normal limits. However, precordial lead tracings revealed an R/S 
V; : R/S V, ratio of 58.8 in one and 64 in the other. Neither case displayed any ST seg- 
ment displacement of T-wave changes suggestive of a strain pattern in either the standard 
or unipolar chest or limb leads. 


5. Tetralogy of Fallot: 


Thirteen cases of tetralogy of Fallot were analyzed. Two cases exhibited downward 
QRS complexes in all three standard leads without ST or T-wave changes. Unipolar limb 
and precordial lead tracings established the presence of right ventricular hypertrophy. Both 
the standard leads and unipolar leads were compatible with right ventricular hypertrophy 
in the remaining cases with one exception (S.P.). S.P. showed an axis deviation of +85° 
and standard leads were interpreted as being within normal limits. Unipolar leads while 
not fulfilling complete criteria for right ventricular hypertrophy, indicated right rather 
than left ventricular predominance. (R/S V, : R/S V, = .73.) 


6. Isolated Valvular Pulmonary Stenosis: 


When the data from the six cases of isolated valvular pulmonary stenosis had been 
compiled, the results appeared to be disappointing since only two cases (L.R. and T.R.) 
had “‘classic’” criteria for right ventricular hypertrophy. Three cases (J.R., C.F. and G.E.) 
had tracings which were well within normal limits. The diagnosis of pulmonary stenosis 
in all six patients was based in part upon the findings obtained by heart catheterization. In 
general, the correlation between the right ventricular pressures so obtained and the electro- 
cardiographic findings was not as good as was anticipated; i.e., some patients had marked 
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right ventricular hypertension (pressure 120 mm. mercury) with minimal electrocardio- 
graphic changes. The remaining case, S.K., had a marked degree of pulmonary stenosis. 
The right ventricular pressure on cathetherization was found to be 250 mm.Hg. In addi- 
tion there was radiologic evidence of marked right ventricular hypertrophy. Over the 
entire precordium (V, to V,), precordial leads showed essentially the same pattern of a 
small Q and a large R-wave with depressed ST segment and inverted T-waves. It would 
seem safe to assume from the above that in this patient all leads were facing the epicardial 
surface of the markedly hypertrophic right ventricle which exhibited clockwise rotation. 


7. Pulmonary Stenosis with Interatrial Communication: 


Six cases of pulmonary stenosis with interatrial communication were studied. In three 
cases the unipolar leads lead to a different interpretation than standard lead diagnosis. 
Two of the cases (D.C. and J.L.) had slight right axis deviation on standard leads but 
no definite right ventricular hypertrophy was evident until unipolar lead tracings were 
taken, Case G.A. exhibited downward QRS complexes in all standard leads and an axis 
deviation of a —110°. Unipolar lead tracings revealed a definite right ventricular hyper- 
trophy pattern. Two cases (J.G. and R.W.) exhibited what has-been described as atypical 
right ventricular hypertrophy patterns.* The QRS complexes in these cases showed a much 
deepened S-wave which was present over both sides of precordium. The R/S V; : R/S V, 
ratio, however, still was computed to indicate right ventricular predominance. 


8. Eisenmenger’s Complex: 


Four cases of Eisenmenger’s complex were studied. Two of the four cases (A.W. and 
B.R.) had tracings typical of right ventricular hypertrophy in both the standard and uni- 
polar leads. In addition, B.R. showed low voltage in TV;. Case V.D. showed diphasic 
QRS complexes with low voltage of the T-wave in lead 1 in the standard leads. In the 
unipoplar leads the R-wave in aVR was 19 mm., while in the precordial leads the QRS 
complexes showed a tendency to high voltage and to be diphasic; the V.A.T. was pro- 
longed over both ventricles and the T-wave in V,; exhibited low voltage. Although the 
R/S V; : R/S V, ratio indicated mild right ventricular predominance, it was thought that 
the high voltage diphasic QRS complexes and low voltage T V; was indicative of com- 
bined ventricular hypertrophy. The fourth case, C.H., displayed an abnormal standard lead 
tracing suggesting left ventricular strain. The unipolar leads showed a high R and inverted 
T in aVL and a slightly depressed ST segment with a low voltage T-wave in V,. The 
precordial QRS complexes were diphasic over both sides and R/S V; : R/S V, ratio was 
3.0. It was thought that this tracing likewise was compatible with combined ventricular 
hypertrophy. 

9. Aortic-Pulmonary Septal Defect: 


Three cases of aortic-pulmonary septal defect were studied. Case J.A. standard leads 
showed a deep S, and depressed ST segments and diphasic T-waves in leads 2 and 3. 
The limb leads showed a semihorizontal heart. The R-wave in aVR was 11.0 mm. in 
height. The R-wave in aVF was 40 mm. in height and the ST segment was depressed and 
the T-wave was diphasic. The precordial leads showed high voltage diphasic QRS com- 
plexes of RS pattern type over both ventricles. The R/S ratios were within normal limits 
but because of the high voltage of the diphasic QRS complexes across the precordium it 
was thought that such a tracing showed evidence of hypertrophy of both ventricles. This 
would seem to fit well with the clinical picture since the right ventricular pressure in this 
case was found to be 65 mm.Hg. 
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The standard leads in J.H. were interpreted as being abnormal and exhibited left 
ventricular strain. The limb leads showed a vertically placed heart and were not unusual 
except for ST segments which were elevated in aVR and depressed in aVF. The precordial 
leads showed high voltage diphasic QRS complexes of RS pattern across entire chest as 
was present in tracings taken on J.A. The R/S V; : R/S V, ratio was 0.9. The T-wave 
was diphasic in V;, but there was no ST displacement. This tracing was likewise in- 
terpreted as exhibiting both right and left ventricular hypertrophy. The right ventricular 
pressure in this case was 40/20 mm. mercury. 

The third case K.N. showed a striking similarity in the standard leads to J.H. in that 
T-wave in lead one was isoelectric and QRS 2 and 3 had high voltage with deep S-waves. 
The heart was vertically placed and R-wave in aVR was 6 mm. in height. There were no 
significant ST or T-wave abnormalities in the limb leads. The QRS complexes in the pre- 
cordial leads were suggestive of right ventricular hypertrophy with R/S V; : R/S V, 
ratio 0.20. The T-wave in V;, however, was inverted and this tracing as well as the other 
two with this anomaly was thought to suggest combined ventricular hypertrophy. 


10. Anomalous Pulmonary Vein Emptying Into the Right Atrium: 


Two cases of anomalous pulmonary vein which emptied into the right atrium were 
studied. In one case the standard leads showed marked right axis deviation and were 
interpreted as exhibiting right ventricular hypertrophy. The unipolar limb and precordial 
leads gave complete confirmation by standards previously described. In the other case the 
standard lead tracing was interpreted as abnormal but no definite ventricular predominance 
or hypertrophy was demonstrated. However, limb and precordial leads gave definite 
evidence of right ventricular hypertrophy. 


DISCUSSION 


From the experience of this series of cases we concur in the conclusion of others* * 
that unipolar lead electrocardiography is so much more reliably informative than standard 
limb lead electrocardiography that no case of congenital heart disease should be considered 
adequately studied without its use. It was interesting to note that in this series the unipolar 
leads appeared to be of the most value in those cases (interventricular septal defect, 
anomalous pulmonary vein, interatrial septal defect and patent ductus arteriosus) where 
demonstration of hypertrophy by “conventional” methods frequently is the most difficult. 

Computation of R/S ratios and particularly R/S V; : R/S V, ratio proved to be by 
far the most reliable indication of ventricular hypertrophy. Contrary to the findings of 
other investigators whose work has largely been with adults, ST segment and T-wave 
changes in this series were not found with sufficient frequency to be considered as reliable 
evidence of ventricular hypertrophy except as associated with R/S ratios. Next to the R/S 
ratios the most consistent finding was a prolongation of the V.A.T. beyond .03 seconds 
in either V, or Vg. In cases of right ventricular hypertrophy an R-wave in aVR exceed- 
ing the maximum normal height of 5 mm. was encountered in nearly every case. 

From the data compiled for the R/S V; : R/S V, ratio, it would appear that the nor- 
mals for each group will fall within the range given below: 


1-6 mo. 0.2 to 6 
Y-2 yr. 0.4 to 8 
2-6 yr. 0.5 to 10 
6-10 yr. 1.0 to 20 


10-16 yr, 1.5 to 45 
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In all cases in which right ventricular hypertrophy was considered to be present, the 
above ratio was always below the minimum figure quoted above for each age group. 
The number of cases of left ventricular hypertrophy in this series was small and warrants 
further study. However, in all cases in which left ventricular hypertrophy was considered 
to be present, the above ratio was above the normal limit figures given above. 

Several cases in which both the right and left ventricle were thought to be hyper- 
trophied were found to have high voltage diphasic QRS complexes over the entire pre- 
cordium. It was in these cases that changes in T V, (low voltage in presence of a high 
R-wave) aided in the diagnosis of left ventricular hypertrophy. 

The reader is cautioned always to identify both ventricular patterns before computing 
R/S ratios, since clockwise rotation of the heart may cause left ventricular pattern to be 
hidden until V, (or further lateralward). 


SUMMARY 


A brief discussion of theory of unipolar lead electrocardiography has been presented. 
The findings on 50 normal infants and children and 72 cases of congenital heart disease 
have been presented. The advantage of the unipolar limb and precordial leads over stand- 
ard electrocardiography has been confirmed by the study presented. The R/S ratios and 
ventricular activation time offered more reliable criteria for hypertrophy than did the 
ST segment and T-wave changes. 
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SPANISH ABSTRACT 


Derivaciones Unipolares Electrocardiograficas en Nifios, con Referencia Especial 
a su Valor en las Cardiopatias Congénitas 
Segin los autores los trazos electrocardiograficos tomados en las derivaciones ‘standard’ a 


menudo no proporcionan toda la informacién deseada. Se emprendié este trabajo con el objeto de 
establecer un criterio electrocardiografico bien definido, para determinar la hipertrofia ventricular, 
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usando las derivaciones unipolares. Se estudiaron 72 enfermos con cardiopatias congénitas comprobadas 
por cateterizacién cardiaca, intervencién quirargica o estudio post-mortem, comparandolos con una 
serie de 50 nifios con corazones normales, los que se dividieron en 5 grupos de acuerdo con la edad. 
Se estudiaron los trazos obtenidos en ellos, y compararon con los encontrados en los pacientes con 
cardiopatias congénitas. En este altimo grupo hubo 10 con defectos del tabique interauricular; 9 
con anomalias del tabique interventricular; 17 con persistencia del conducto arterioso; 2 con 
coartacién de aorta; 13 casos de tetralogia de Fallot; 3 casos de estenosis de la pulmonar aislada; 
6 enfermos con estenosis de la pulmonar asociada a comunicacién interauricular; 4 con complejo 
Eisenmenger; 3 con defectos del tabique aértico pulmonar y finalmente 2 casos con desembocadura de 
vena pulmonar anémala en auricula derecha. 

Por la experiencia derivada del presente estudio se puede concluir que la electrocardiografia 
unipolar proporciona, en las cardiopatias congénitas, mayor informacién que las derivaciones 
“standard,” siendo de valor sobre todo cuando los métodos convencionales presentan serias dificultades 
para la demostracién de la hipertrofia ventricular. Para demostrar la hipertrofia ventricular el dato 
de mayor valor fué el cémputo de la relacién R/S, siguiéndole en importancia al respecto la pro- 
longacién del tiempo de aparicién de la defleccién intrinseca por mds de .03 segundos en V:i 6 
Ve. En la hipertrofia ventricular derecha se encontré casi siempre una onda R en aVR que excedia 
la altura normal maxima de 5 mm. El namero de enfermos con hipertrofia ventricular izquierda aqui 
analizados es demasiado pequefio y se requieren mayores estudios. Varios pacientes con hipertrofia 
ventricular tanto derecha como izquierda tuvieron complejos QRS difdsicos de alto voltaje sobre 
toda la regién precordial. Fué en ellos en los que los cambios en TVs (voltaje pequefio en presencia 
de una onda R alta) ayudaron para el diagndéstico de la hipertrofia ventricular izquierda. 


University of Minnesota Medical School 








Q-T INTERVAL DURING ACTIVE AND INACTIVE 
RHEUMATIC FEVER 


By SIDNEY FINKEL,* M.D., AND JANET S. BALDWIN, M.D. 
New York City 


URING the past few years several reports have appeared with various findings and 
conclusions concerning the significance of the Q-T interval of the electrocardiogram 
in rheumatic fever. It has been postulated by some authors that abnormal lengthening of 
the Q-T interval may be used as an index of the presence of active rheumatic myocarditis. 
It is generally accepted that the beginning of the inscription of the Q-wave of the ECG 
represents the beginning of depolarization of the ventricular muscle in electrical systole, 
and that the end of the T-wave marks the completion of repolarization. 
The length of the Q-T interval is known to be dependent on the heart rate, being 
longer at slow rates and shorter at fast rates. To relate the Q-T interval and rate several 
QT 
formulae have been proposed.'-> Bazett’s formula,1 where K = VR-R, R-R being the 
measure of cycle length in seconds, was used in this material. The constant of Bazett’s 
formula is expressed as the corrected Q-T (abbreviated as Q-Tc), as suggested by Taran 
and Szilagyi. Normal values in infants and children have been reported by various 
authors.7-1° 
There are various factors which affect the duration of electrical systole. The Q-T interval 
is prolonged in hypocalcemia and hypopotassemia’! and shortened in hypercalcemia.’* 
Quinidine prolongs the Q-T interval'* while digitalis shortens it.1* The Q-T interval was 
found to have been prolonged in a significant number of cases in which nonrheumatic 
myocarditis was established by necropsy findings.’® Prolongation has also been reported 
in patients with recent myocardial infarction.** Shortening of the Q-T interval is reported 
in the presence of pericarditis with effusion both of tuberculous’? and rheumatic'® 
etiology. In the presence of ventricular hypertrophy and in congestive failure, the Q-T 
interval may be prolonged.’® 2° 
Findings and opinions expressed in the recent literature differ concerning the behavior 
of the Q-T interval during the active and inactive phases of the rheumatic process. Taran 
and Szilagyi® consider the Q-Tc an index of activity in that they found prolongation of 
the Q-Tc interval in all their patients with acute rheumatic carditis, while it was normal 
in all their patients during the inactive phase. Abrahams** reported prolongation of the 
Q-Tc interval in almost all his patients with active carditis. However, he noted prolonga- 
tion also in some of his patients with inactive rheumatic heart disease, and in some 
rheumatic subjects who demonstrated neither rheumatic activity nor organic heart disease 
at the time of observation. Pokress and Goldberger?? found a lower incidence of pro- 
longation during rheumatic activity than that reported by Taran and Szilagyi. 


From the Children’s Medical Service, Bellevue Hospital, and the Department of Pediatrics, New 
York University-Bellevue Medical Center, New York City. 

(Received for publication March 23, 1951.) 

* This study was made during tenure of a Training Fellowship under a grant from the New York 
Heart Association. Now Resident in Medicine, Queens General Hospital, New York City. 


410 








Q-T INTERVAL DURING RHEUMATIC FEVER 411 


Epstein and Gardam** noted a prolongation of the interval in 38% of ECGs taken 
during active carditis and in 27% of the tracings in these same patients during the inactive 
phase, and concluded that a prolongation of the Q-Tc interval per se is not diagnostic of 
active rheumatic carditis. 

Craige et al.,2* using their average normal value plus two standard deviations® as the. 
upper limit of normal, found that the Q-Tc interval did not exceed this value in any of 
their patients with acute rheumatic fever, including those who had fatal pancarditis. In 
these two groups, however, the average Q-Tc interval was slightly longer than that of 
their normal control subjects. It was further observed by these authors that the Q-Tc 
intervals in quiescent rheumatic heart disease were similar to the values found in the series 
of normal children. They concluded on the basis of the infrequency of definite Q-Tc 
abnormality in their series that this measurement is of limited usefulness as an estimate 
of activity. 


CLINICAL MATERIAL AND METHODS 


The purposes of this study were to review the behavior of the Q-T interval during the active 
phase as well as during the period of inactivity of the rheumatic process. A review and comparison 
of concomitant incidence of prolongation of the P-R interval was included. In addition analysis 
was made of the incidence of heart disease as related to the course of the Q-T interval in patients 
observed for considerable periods of time after subsidence of the rheumatic activity. 

A review was made of the records of all cases admitted to the Bellevue Hospital Children’s 
Medical Service with active rheumatic fever and chorea during the years 1940-1947 inclusive. Cases 
with congestive failure, receiving digitalis, or those whose records contained inadequate electrocardio- 
gtaphic data were excluded from this study. The ECGs and clinical records of 249 episodes of active 
rheumatic fever and chorea occurring in 208 patients (102 boys and 106 girls, ranging in age from 
3 to 13 yr.) were analyzed. Analysis was made of the records of those 119 patients from the above 
hospital group who were subsequently under the observation of the Children’s and Adolescents’ 
Cardiac Clinics. Clinic visits varied in interval from 1 to 6 mo., during periods of follow-up observa- 
tion of from 1 to 9 yr. 

ECGs of 79 normal children of similar age were reviewed to obtain our normal values for the 
Q-Tc. A string galvanometer instrument, either Cambridge or Sanborn, had been used in recording 
all ECGs. The Q-T interval was measured in Lead II of the ECG from the beginning of the Q-wave 
as determined by the slightest initial deflection from the isoelectric line to the end of the slope of 
the downstroke of the T-wave. The measurements were made with calipers under a magnifying glass. 
The average Q-T interval and cycle length were calculated from a total of 6 to 12 measured com- 
plexes. The P-R interval was also determined at the same time as the Q-T measurements were made. 
The P-R interval was measured from the beginning of the upstroke of the P-wave to the initial 
deflection from the base line of the QRS complex. The longest P-R interval observed in Leads I, II 
or III, usually Lead II, was recorded. The observed P-R intervals were compared with the normal 
values for this measurement for age and rate as given in tables by Ashman and Hull.* All readings 
were made by one observer (S. F.). 

ECGs were rejected if they were technically imperfect due to wandering base lines, alternating 
current interference, or improper standardization. The presence of an isoelectric Q-wave or T-wave 
or fusion of the T-wave with the following P-wave causing uncertainty as to the exact beginning 
of the Q-wave or the end of the T-wave were additional reasons for rejecting ECGs. 

Study of Q-Tc and P-R Interval’ in Normal Subjects: Seventy-nine ECGs obtained in 49 normal 
boys and 30 normal girls ranging in age from 2 to 12 yr. were analyzed. These were children in 
the Pediatric Clinic who had no evidence of rheumatic fever or heart disease. The average Q-Tc 
obtained in this group was 0.418 with a standard deviation of 0.016. Figure 1 shows the distribution 
of Q-T intervals at corresponding cycle lengths. 

The value set for the upper limit of normal was the average figure +2 standard deviations, as 
statistically such a value includes 95% of cases in a normal distribution curve. For purposes of com- 
parison with other papers the findings from this material have been analyzed and presented as to the 
values which exceeded the normal average +1 standard deviation (1 $.D.) and those values which 
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Fic. 1. Distribution of measured Q-T intervals at corresponding cycle lengths in 79 normal chil- 
dren. Curve for Bazett’s formula () and curves for average normal (()) and upper limit of 
normal (A) values in children and men as given by Ashman and Hull are drawn in for comparison. 
KEY: 

@ = present series of 79 normal controls. 

< = curve for Bazett’s formula (K = .405). 

(1) = Ashman and Hull's average normal values for children and men. 

A = Ashman and Hull’s upper limit of normal values for children and men. 


exceeded the normal average -+2 standard deviations (2 $.D.). This was done inasmuch as 
some authors apparently take the upper limit of normal as the average plus 1°S.D. while others 
set this value at the average plus 2 S.D. 

In our 79 normal subjects the Q-Tc was found to exceed the average normal plus 1 S.D. (0.434) 
in 10 individuals and in 3 of these 10 the value exceeded the average normal plus 2 S.D. (0.450) as 
shown in table 1. 

In a series of 517 normal infants and children reported by Alimurung et al.,* the average Q-Tc 
value found was 0.404 with a standard deviation of 0.026. Of these 517 normals there were 60 
individuals in whom the Q-Tc exceeded their average plus 1 S.D. (0.430) and in 11 of these 60 the 
value exceeded their average plus 2 S.D. (0.456). 

In the ECGs of our 79 normal children the P-R interval was found to be prolonged for age and 
rate in 4 instances. 

RESULTS 


- The cases with manifestations of the active rheumatic process reviewed in this series 
are divided into several groups. There were 128 patients in whom physical findings indi- 
cated active rheumatic carditis; 13 patients with polyarthritis or chorea in whom the only 
evidence of active carditis was a prolonged P-R interval ; 20 patients with polyarthritis but 
no clinical evidence of carditis and normal P-R intervals; 47 patients with chorea who had 
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no other clinical or laboratory evidence of rheumatic activity during hospitalization. 

From the above groups of those 97 patients who had had a Q-Tc greater than the 
average normal plus 1 S.D., the following numbers were among those subsequently ob- 
served during the inactive phase in the Cardiac Clinics. There were 73 of the group who 
had had obvious carditis, 7 of the group with chorea or polyarthritis with prolongation 
of the P-R interval, 13 of the group who had had only polyarthritis, and 4 of the chorea 
group. Three of the group with chorea or polyarthritis with prolongation of the P-R 
interval and 19 of the chorea group had had a Q-Tc value less than the average normal 
plus 1 S.D. during the acute episode. In these 22 cases the Q-Tc remained below this 
value during the follow-up period. 


TABLE 1 


Q-Tc AnD P-R INTERVAL DuRING RHEUMATIC ACTIVITY 
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Normal Normal Q-Tc Normal Abnormal 
Q-Tc P-R P-R 
+1S.D. +2 S.D. interval* interval 
But <25S.D. 
Active carditis 128 169 8% 22.5% 69% 64% 36% 
Prolonged P-R as only evi- 
dence of carditis 13 13 31 31 38.5 0 100 
Polyarthritis without cardi- | | | 
tis j 20 20 | 30 20 | 50 | 100 0 
Chorea without carditis 47 47 66 17 17 | 100 0 
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Normals for comparison | 79 —_ | .3 | 8.9 . 95 5 








* According to criteria for age and rate as given by Ashman and Hull.4 


Q-Tc and P-R Intervals During Active Rheumatic Phase 


Table 1 summarizes in percentage form the Q-Tc findings observed in the various 
groups as outlined above. The figures are divided to show the per cent of observations 
greater than the average normal plus 1 S.D. but less than 2 S.D., and the per cent of 
observations greater than the average normal plus 2 S.D. 

Review of the records of the 169 episodes of active carditis showed that in one or 
more electrocardiographic records the Q-Tc value exceeded the average normal plus 1 but 
less than 2 S.D. in 38 instances (22.5%) and exceeded the average normal plus 2 S.D. 
in 118 instances (69%). In the remaining 13 episodes, although the Q-Tc was less than 
the average normal plus 1 S.D., in but three instances was the Q-Tc value less than the 
average normal figure (0.418). In only one of these 13 patients with Q-Tc within normal 
limits was there evidence of pericarditis. In the above patients with active carditis the P-R 
interval was prolonged in at least one ECG during 61 or 36% of the total episodes. Pro- 
longed conduction time was present in only one of those 13 episodes in which the Q-Tc 
was less than the average normal plus 1 S.D. 

Criteria used for the diagnosis of active carditis had included tachycardia out of pro- 
portion to the temperature, rapid sleeping pulse rate, gallop rhythm, changing murmurs, 
appearance of new murmurs, and change in heart size as noted radiographically. 
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Thirteen patients in whom the only suggestion of active carditis had been prolongation 
of the P-R interval for age and rate are considered separately from the above group. In 
these the predominant feature of the rheumatic process was polyarthritis in 10 and chorea 
in 3 patients. Q-Tc exceeded the average normal plus 1 but less than 2 S.D. in 4 patients 
(31%) and exceeded the average normal plus 2 S.D. in 5 patients (38.5%). In the 
remaining 4 patients the Q-Tc was less than the average normal plus 1 S.D., and in 1 
of these the value was less than the average normal figure. 

A group of 20 patients had rheumatic polyarthritis with no clinical evidence of active 
carditis nor abnormal P-R interval. In one or more of the electrocardiographic records 
taken during these episodes the Q-Tc value exceeded the average normal plus 1 but less 
than 2 S.D. in 4 episodes (20%) and exceeded the average normal plus 2 S.D. in 10 
episodes (50%). In 5 episodes the Q-Tc value fell between the average and the average 
normal plus 1 S.D., and in 1 the Q-Tc was less than the average normal figure (0.418). 

There were 47 cases hospitalized for active chorea with no clinical evidence of active 
carditis nor abnormal P-R intervals, and in whom the erythrocyte sedimentation rate was 
normal. The Q-Tc was greater than the average normal plus 1 but less than 2 S.D. during 
8 episodes (17%) and greater than the average normal plus 2 S.D. during 8 episodes 
(17%). The Q-Tc was less than the average normal plus 1 S.D. in 31 episodes and in 
these, 12 were less than the average normal figure. — 


Q-Tc and P-R Values as Observed in Patients Subsequently Followed 
in the Cardiac Clinics During the Inactive Phase 


Of those patients whose hospital records of active rheumatic episodes were analyzed, 
97 of those who had had a Q-Tc higher than average normal plus 1 S.D. were subse- 
quently observed during the inactive phase in the Childen’s and Adolescents’ Cardiac 
Clinics for periods of time varying from one to nine years. In all cases the rheumatic 
process was considered quiescent by the end of hospitalization. For the purposes of this 
study, in order to obviate the influence of recurrent rheumatic activity, the period of 
follow-up observation analyzed for each case was that period which followed either a 
single attack or the last of multiple attacks of recurrent rheumatic activity. 

Table 2 summarizes the findings in these 97 patients as to Q-Tc values present during 
the inactive phase observation periods. These are again grouped as in table 1 according 
to type of manifestations of rheumatic activity present during the acute phase. There were 
70 cases in whom the Q-Tc was found to have decreased to a value below the average 
normal plus 1 S.D. There was wide variation in the time intervals following the acute 
episode at which this lower value was reached (table 2, part a). In the remaining 27 
cases, over varying periods of observation, the Q-Tc had not decreased to a value below 
the average normal plus 1 S.D.; in 7 of these it had remained at a value above the average 
normal plus 2 S.D. (table 2, part b). 

The course of the P-R interval in the 97 cases during follow-up observation was 
analyzed. Of the patients in whom there had been a single episode of carditis the P-R 
interval remained prolonged in 6 of the 29 whose Q-Tc value became less than the average 
normal plus 1 S.D., and also remained prolonged in 3 of the 13 patients whose Q-Tc 
remained above the average normal plus 1 S.D. Of the patients who were followed after 
the last of multiple episodes of carditis, the P-R interval remained prolonged in 4 of the 
24 whose Q-Tc became less than average normal plus 1 S.D., and also remained prolonged 
in 1 of 7 patients whose Q-Tc value remained above average normal plus 1 S.D. 








Q-T INTERVAL DURING RHEUMATIC FEVER 415 


TABLE 2 
Q-Tc Durinc INAcTIVE PHASE 


Observations Following 97 Active Rheumatic Episodes During Which Q-Tc 
Exceeded Average Normal +1 Standard Deviation 


A. Cases WitH DECREASE OF Q-Tc TO VALUE BELOW AVERAGE NorMAL +1 S.D. 























| 
Time of Occurrence 
No. |-—--- 
of Prior | Yr 
Cases to |——— GREGGN EDU CELE UENGEIN WARE, eT 
Discharge | oe. Pa 4 | 5 | 6 | 7 | s | 9 
Group I 29 + [om] al at ee ed ef eto re 
GroupII | 24 — 6 2 s| 6} ¢4/—};—]—| 1 
Group III 4 1 2};—};—-—|- 1) —); 1{/—-] — 
Group IV 11 1 4 ay 2 toed |} — | | — 
Group V 1 1 — — Jo} — ft = a —- — 
SR ee 1 


Totals | 70 | 7 22 | 94.8 6 | 4 





B. Cases WitH Q-Tc REMAINING AT VALUE ABOVE AVERAGE Norma +1 S.D. 




















No. No. of Yr. of Observation 
of: |  RaNEY ————— , ——_—+——— 
} Cases | 1 | 2 oF 4 5 ea a4 aye 
GroupI | 13 1 4 it OES Ba ee 2i]2i— 
Group II 7 2 | =— _ — F354 ke A | — 
Group III 2 ap — _— 1 — — a Tn ett tr 
Group IV 2 _ + — — — — ae ER | bs ee 
Group V 3 — — — — 3 _ = 





en eee ee ee ee cae a, ee ee 





* Represents inclusion of single case in which Q-Tc exceeded average normal +2 S.D. 
Group _I: Cases observed following single episode of carditis. 

Group II: Cases observed following last of multiple episodes of carditis. 

Group III: Cases observed following episode with prolonged P-R only evidence of carditis. 
Group IV: Cases observed following polyarthritis without carditis. 

Group V: Cases observed following chorea without carditis. 


Course of Q-Tc as observed in 97 patients following acute episode in which Q-Tc had exceeded 
average normal plus 1 S.D. None of these patients had any clinical or laboratory evidence of 
rheumatic activity during this follow-up period. In significant number of cases Q-Tc decreased 
slowly over varying periods of years to value less than average normal plus 1 S.D. In smaller 
number of cases Q-Tc did not fall below this value during years of observation. 


Of the 7 patients observed following an acute episode during which a prolonged P-R 
interval was the only evidence of carditis, prolongation persisted in 1 of the 5 whose 
Q-Tc became less than the average normal plus 1 S.D.; the P-R also remained prolonged 
in 1 of the 2 patients in whom the Q-Tc remained above the average normal plus 1 S.D. 

In the patients studied following acute episodes of polyarthritis or chorea with neither 
clinical carditis nor prolongation of the P-R interval, this value remained within normal 
range throughout the period of follow-up observation. 
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TABLE 3 


INCIDENCE OF HEART DISEASE PRESENT AT END OF FOLLOW-UP OBSERVATION 
Cases in whom Q-Tc value had exceeded average normal +1 standard deviation during active phase 





















































Total No Organic Heart Diseaset 
No. of Heart / : 
Cases Disease | Mild Moderate Severe 
Group I. Cases observed after single episode of obvious 
carditis. 
Q-Tc became less than average normal +1 S.D. 29 12 4 8 5 
Q-Tc remained above average normal +1 S.D. 13 5 a 2 1 
Group II. Cases observed after last of multiple episodes 
of carditis. 
Q-Tc became less than average normal +1 S.D. 24 5 1 6 12 
Q-Tc remained above average normal -++1 S.D. 7 1 2 ag ig 
Group III. Cases observed after episode with prolonged 
P-R interval as only evidence of active carditis. 
Q-Tc became less than average normal +1 S.D. 5 4 1 _ _ 
Q-Tc remained above average normal +1 S.D. 2 1 at | — = 
Group IV. Cases observed after episode of polyarthritis | | 
without carditis. 
Q-Tc became less than average normal +1 S.D. 11 8 3 — 
Q-Tc remained above average normal +1 S.D. 2 ad — — 
Group V. Cases observed after episode of chorea without 
carditis. 
Q-Tc became less than average normal +1 S.D. 1 1 _ | — 
Q-Tc remained above average normal +1 S.D. 3 2 1 -- — 
t Organic Heart Disease 
Mild —Mitral insufficiency and/or aortic insufficiency with minimal cardiac enlargement. 
Moderate—Mitral insufficiency and/or aortic insufficiency, mitral insufficiency and stenosis with moderate cardiac enlarge- 
ment. 
Severe —Mitral insufficiency and stenosis, with aortic insufficiency plus or minus stenosis, all with considerable to marked 


cardiac enlargement. 
* Each asterisk represents an individual case in which Q-Tc remained above average normal +1 S.D. 


Incidence of heart disease in 97 patients observed subsequent to rheumatic episodes in which Q-Tc had 
exceeded average normal plus 1 S.D. No intervening rheumatic activity occurred in any of these. Comparison 
of those in whom Q-Tc became less and those in whom it remained above value for average normal plus 
1 S.D. showed no apparent correlation with development or degree of heart disease present at end of 
observation period. 


Incidence of Organic Heart Disease at the End of the Observation Period 


It was considered important to evaluate whether there was a difference in incidence of 
organic heart disease between the cases in whom there had been a decrease in Q-Tc value 
to below the average normal plus 1 S.D. during follow-up observation and those cases 
in whom the Q-Tc had remained above this value. The cardiac status present at the end 
of this period of observation in the Clinic was analyzed from this point of view as shown 
in detail in table 3. 

Among the 29 patients who had had a single attack of carditis following which the 
Q-Tc became less than the average normal plus 1 $.D. there were 12 without organic heart 
disease (41%) and 17 in whom definite evidence of organic heart disease was present 
(59%). Of those 13 patients with a single attack in whom the Q-Tc remained above the 
average normal plus 1 S.D., there were 5 patients (38%) with no organic heart disease 
and 8 ‘patients (62%) who had organic heart disease. Although the numbers are small it 
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would appear that in this group of patients who had only one episode of carditis, there 
was no significant difference in the development of organic heart disease between those 
patients in whom the Q-Tc became less than the average normal plus 1 S.D. and those 
patients in whom it remained above this value during the observation period following 
the acute episode. : 

Among the 24 patients who had had more than one attack of carditis and in whom th 
Q-Tc value became less than the average normal plus 1 S.D. during observation after the 
last attack, 5 had no organic heart disease (21%) and 19 had definite evidence of organic 
heart disease (79%). Of the 7 patients in whom the Q-Tc remained prolonged, heart 
disease was present in all but one patient. From the authors’ observations it would seem 
that the development of organic heart disease is more related to multiple episodes of 
carditis than to whether the Q-Tc became less than or exceeded the average normal plus 
1 S.D. following the last active phase. 

Of the patients who had a prolonged P-R interval as the only evidence for carditis, 
in 5 the Q-Tc became less than the average normal plus 1 S.D., and in 2 it exceeded this 
value during the inactive phase. In these 5 patients there was no organic heart disease in 
4, while in one organic heart disease was present. Of the 2 patients in whom the Q-Tc 
remained above the average normal plus 1 S.D., one had organic heart disease and the 
other had mild organic heart disease. 

Thirteen patients who had polyarthritis without carditis were followed; in 11 the 
Q-Tc became less than the average normal plus 1 S.D. Eight of these 11 patients had no 
organic heart disease and 3 had definite though minor evidence of organic heart disease 
without there having been any clinical evidence of intervening rheumatic activity. There 
was no evidence of organic heart disease in the 2 patients whose Q-Tc remained prolonged. 

Among the patients who had had chorea, in 4 the Q-Tc exceeded the average normal 
plus 1 S.D. during the acute episode. In 3 the Q-Tc remained above this value during 
observation, and in one it returned to average normal. One patient whose Q-Tc remained 
prolonged developed signs of slight mitral insufficiency. 


DISCUSSION 


Although prolongation of the Q-T interval has frequently been observed during acute 
rheumatic carditis, there is lack of agreement in various reports as to the incidence of this 
occurrence and as to its value as an index of rheumatic activity, As there is no readily 
apparent single cause for the discrepancies between reported series, several possible factors 
should be considered. The type of electrocardiographic instrument employed, and the 
inherent difficulty of accurate delineation of the Q-T interval in certain records may be 
of some importance. Individual differences in methods of measurement among observers 
is possibly of significance. In this respect it has been recommended that each observer 
analyze a series of ECGs from normal subjects to obtain his own standard of reference, 
and that the interpretation of findings in patients studied be made in the light of the 
individual observer's series of normal controls. 

Aside from differences in methods of measurement, variation in clinical criteria used 
in making the diagnosis of active rheumatic carditis, as well as the inclusion of cases 
having pericarditis with effusion or cases in congestive failure treated with digitalis, may 
have influenced the findings in some of the series. Another factor postulated is the possible 
influence on the Q-Tc of changes in acid-base relationship, due either to the clinical 
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condition of the patients or the effect of drugs employed. There is insufficient data at this 
time to evaluate the importance of this latter factor; more extensive studies along this line 
are needed. : 

Still another factor in deciding as to the abnormality of an observed value of the Q-Tc 
is the figure chosen for the upper limit of normal. The average normal value plus two 
standard deviations includes 95% of cases in a normal distribution. In analyzing the dis- 
crepancies between various series, it is important to take into account whether the average 
plus one standard deviation or plus two standard deviations is the value accepted by the 
individual authors as the upper limit of normal, In the most recent series of normal 
children reported by Alimurung et al.,* the average plus two standard deviations was used 
in setting the upper limit of normal. 

In the material presented the figure for the average normal plus two standard devia- 
tions as obtained from the normal control group is used as reference for the upper limit 
of normal. This value is 0.450. The Q-Tc exceeded this value in 3.8% of the normal 
cases, in 69% of the patients with active carditis, in 38.5% of the patients with other 
electrographic evidence for carditis, in 50% of the patients with polyarthritis, and in 
17% of the patients with chorea. If the value for the upper limit of normal is taken as 
the average plus one instead of two standard deviations the incidence of prolongation of 
the Q-Tc is of course greater. 

The Q-Tc was usually prolonged during obvious active rheumatic carditis in the series. 
The findings of prolongation of the Q-Tc in some cases of polyarthritis and of chorea 
without clinically evident active carditis suggests that in certain of these instances a mild 
degree of subclinical carditis was present. The higher incidence of a prolongation of the 
Q-Tc as compared with the P-R interval in this material would seem to indicate that the 
former may be more closely correlated with rheumatic activity than the latter. 

On follow-up of the 97 patients whose Q-Tc values had exceeded the average normal 
plus one standard deviation during their acute illness, a certain number maintained a pro- 
longed Q-Tc value during the period of subsequent observation. If the upper limit of 
normal is taken at one standard deviation, in 27% of the patients the Q-Tc remained pro- 
longed, and if the upper limit is taken at two standard deviations, the Q-Tc remained pro- 
longed in 7% of the patients. It should be noted that the corresponding figures for the 
normal cases are 12.7% and 3.8%, respectively. Of the 45 patients who had had a pro- 
longed P-R interval during the active phase, it remained prolonged in 16 (35.5%). The 
above values were persistently prolonged without clinical or laboratory evidence of con- 
tinued rheumatic activity. Furthermore the development of organic heart disease or pro- 
gression in previously established heart disease did not occur in this group in whom the 
Q-Tc remained persistently prolonged. It was of interest that usually persistent prolonga- 
tion of the Q-Tc and P-R interval did not occur concomitantly. 

The significance of these findings in the authors’ opinion is that the persistence of pro- 
longed Q-Tc does not necessarily indicate continued rheumatic activity leading to a higher 
incidence of subsequent organic heart disease. 


SUMMARY AND CONCLUSIONS 


The Q-Tc in 79 normal children ranging in age from 2 to 12 years was found to be 
0.418 with a standard deviation of 0.016. 

- The Q-Tc was studied in 208 children ranging in age from 3 to 13 years during active 
rheumatic fever and chorea. One hundred nineteen of these patients were subsequently 
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followed in the cardiac clinics. The P-R interval was studied simultaneously, and observa- 
tions were made in regard to the presence or absence of resultant organic heart disease. 

A significant number of patients showed prolongation of the Q-Tc value during the 
acute illness, far more so in those with rheumatic carditis than with polyarthritis or chorea 
alone. During the inactive phase, a number of patients maintained a prolonged Q-T¢ 
value. 

The Q-Tc value in patients with rheumatic fever is an additional laboratory aid which 
may help in determining the presence of active carditis, The prolongation of the Q-Tc 
value in polyarthritis and in chorea in the absence of other clinical findings should suggest 
further observation for the possible presence of a mild carditis. However, in evaluating 
patients whose Q-Tc is above normal and in whom the presence of active carditis is other- 
wise questioned, consideration must be given to the fact that the Q-Tc has been found to 
exceed the upper limit of normal in some normal children. 

These findings show that, following active rheumatic fever, in some patients the Q-Tc 
value may remain prolonged over long periods of time in the absence of any manifest 
clinical activity or change in the cardiac status of the patient. Therefore it is the opinion 
of the authors that when careful evaluation over a period of time shows no other clinical 
or laboratory evidence of rheumatic activity, the sole finding of a Q-Tc remaining above 
normal range should not be considered as indicative of persistence of active carditis. 
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SPANISH ABSTRACT 
Intervalo Q-T 


Este articulo reporta un estudio del segmento Q-Tc de los electrocardiogramas tomados durante 
249 episodios de fiebre reumatica aguda de los cuales en 169 se identificd una carditis reumatica 
evidente, en 13 casos, en los que la Gnica prueba de carditis era la prolongacién del intervaldo P-R, 
en 20 con poliartritis y 47 con corea como unicas manifestaciones de proceso reumatico. Ademas, en 
97 de los pacientes, se hizo el andlisis de los valores de Q-Tc durante un periodo de observacién que 
varié de 1 a 9 afios y que durante su proceso reumatico agudo habian tenido un valor Q-Tc mas 
alto que el promedio normal mas una desviacién standard. 

En 79 controles normales el valor promedio de Q-Tc fué de 0.418 con una desviacién standard 
de 0.016. Si se toma como limite superior de normalidad el promedio normal mas 2 desviaciones 
standard (0.450) se encontré que Q-Tc excedid este valor en el 69% de los episodios agudos de 
carditis, en el 38.5% de los episodios agudos de los enfermos cuya unica evidencia de carditis fué la 
prolongacién del intervalo P-R, en el 50% de los casos con poliatritis y en el 17% de los pacientes 
con corea. Por consiguiente, se infiere que la mayoria de enfermos con carditis activa tendran un 
Q-Tc prolongado y que en aquellos pacientes con poliatritis o corea en los cuales no haya otra 
manifestacién clinica de carditis, el hallazgo de un segmento Q-Tc prolongado sugiere que existe 
un grado ligero de carditis. 

A continuacién de los periodos de actividad reumatica evidente Q-Tc decrecié, en tiempo mas o 
menos variable, a valores menores que el promedio normal mas una desviacién standard, en 70 de 
los 97 enfermos en los cuales Q-Tc habia excedido este nivel durante el proceso agudo, En 7 
enfermos Q-Tc permanecié arriba del promedio normal mds dos desviaciones standard. 

Concluyendo, estos hallazgos demuestran que después de una fiebre reumatica aguda algunos 
enfermos continian presentando el segmento Q-Tc prolongado por largos periodos de tiempo, en 
ausencia de manifestacién clinica alguna de actividad o cambio en las condiciones cardiacas del 
paciente. Por lo tanto, si Q-Tc permanece por arriba de los limites de lo normal no debe considerarse 
como indicacién de carditis activa persistente. 

Tampoco hubo relacién alguna entre la frecuencia con que se registré lesién orgdnica del corazén 
al final del periodo de observacién de este grupo de enfermos y la evolucién que sufriéd Q-Tc 
durante el periodo de observacién correspondiente a la fase de inactividad reumiatica. 


‘76 Chester Avenue, Brooklyn 

















SULFOBROMOPHTHALEIN SODIUM EXCRETION TEST 
AS A MEASURE OF LIVER FUNCTION IN 
PREMATURE INFANTS 


By WIiLtiaM OpsrRINSKY, M.D., MaLcoLM L. DENLEy, M.D., 
AND RALPH W. BRAUER, PH.D. 
(With the technical assistance of Rita Pessotti, B.S., and Marilyn Hughes, B.S.) 
New Orleans 


HE nature, extent and duration of hepatic immaturity in premature infants have 

been studied in 35 subjects of varying ages and weights by means of the serial sulfo- 
bromophthalein sodium [bromosulphalein (BSP) ®*} dye excretion test. To the authors’ 
knowledge this test has never been used as a measure of liver function in prepa infants 
although it has been applied in newborns.1-* 

The test is nonphysiologic in the sense that the liver is not normally called upon to 
remove the dye from the blood, but is, nevertheless, a true measure of hepatic excretory 
capacity. It is a sensitive indicator of hepatic dysfunction often antedating the appearance 
of clinical manifestations.*" Unlike the newly developed flocculation and turbidity tests, 
the bromsulphalein test does not depend upon levels of plasma protein and phospholipid 
fractions. In the premature infant, aberrations ot these levels are likely to be extrahepatic 
in origin and hence not true reflections of liver function. 

Previous studies of liver function in premature infants have yielded normal values or, 
where abnormal, have not necessarily indicated hepatic dysfunction. It has been assumed 
that the hepatic immaturity observed neonatally in infants born at term, as indicated by 
the degree and duration of physiologic hyperbilirubinemia, is exaggerated in those born 
prematurely. The hypoproteinemia of prematurity, which has also been ascribed to 
hepatic immaturity,’ results largely from low values for the globulin fraction,’:** the 
major portion of which arises within the reticuloendothelial system and not exclusively 
_ in the liver.1* Because of the alteration of serum cholesterol in liver disease, the cholesterol 
ester. fraction is regarded as a valuable index of hepatic function.1® Cholesterol values in 
premature infants are low, however, as in full term infants; they are not correlated with 
the degree of prematurity, and are thought rather to be related to maternal estrogenic 
influences and not to any disturbance of liver function.1* The thymol turbidity test in 
prematures as well as normal newborns gives values considerably lower than those of 
normal adults'?:?® probably because of the lower concentration of serum globulins’® *° 
and phospholipids.*!-** The cephalin-cholesterol flocculation test is highly positive in nor- 
mal newborns" and in prematures** although the nature of the disturbance in these in- 
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fants is obscure. Hepatic immaturity has been implicated as a cause of the hypoprothrombin- 
emia of prematurity.1! The neonatal decline in plasma prothrombin can, however, be 
prevented by the administration of vitamin K.5?6 This conversion of vitamin K to 
prothrombin is a far more accurate test of liver function than the determination of plasma 
levels alone,’ and is normal in prematures. 

The BSP excretion test measures hepatic excretory ability when the blood is presented 
with a foreign substance. Elimination of BSP from blood is effected largely by the liver. 
The rate of removal of dye is controlled by the rate of delivery to the liver, or blood flow, 
and the efficiency of extraction. The latter depends upon the anatomic relation between 
the liver cells and the sinusoidal blood stream, and the ability of these cells to remove the 
dye from the zone of uptake and to excrete it into the biliary system. 

In the premature infant, any or all of these factors in the mechanism of BSP elimination 
may be functioning poorly. The present study establishes that there is indeed an altera- 
tion in the handling of BSP by the premature and that such alteration is a function of 
age, not weight or organ mass. 

METHOD : 

After drawing an initial blood specimen to obtain BSP-free piasma for the colorimeter blank, 
5 mg./kg. of body weight of BSP in 0.5% solution were injected into a scalp vein. The solution 
was made by diluting one part of the standard test material, containing 50 mg./cc., with 9 parts of 
distilled water. Serial blood samples were then drawn from other veins at intervals of 3, 8, 15, 30, 
45 and 60 min. In some patients, additional specimens were obtained at 2, 4 and 18 hr. It was 
not always possible to secure all the samples at each of the stated intervals but sufficient values were 
obtained to permit reasonable interpolation in these cases. 

The BSP determinations were performed by a method previously described.* Blood was col- 
lected, using heparin as an anticoagulant, and after centrifugation, the clear plasma supernate was 
removed. Plasma proteins were precipitated by addition of an equal volume of acetone. After cool- 
ing the mixture and subsequent centrifugation, the supernate was again separated. The purple color 
of the dye was developed by the addition of 0.1 to 0.2 cc. of 10% sodium hydroxide, and its in- 
tensity estimated in the microcolorimetric unit of the Evelyn photoelectric colorimeter, using a 
580 millimicron filter. 

Gaebler” has demonstrated that by the use of the photoelectric instrument it is possible to estimate 
BSP levels accurately when the plasma is turbid, icteric or hemolyzed. This is of some importance 
in this study because of the presence of neonatal physiologic hyperbilirubinemia in some of the sub- 
jects, and because of the excessive hemolysis which occurs in newborns when the erythrocytes are 
allowed to stand in their own plasma.” To reduce the possibility of error created by the presence 
of large concentrations of pigment resulting from hemolysis, each plasma sample served as its own 
control before alkalinization. 


INTERPRETATION OF THE BSP TEST 


Following a single intravenous injection of BSP into normal adults, a constant pro- 
portion of dye is removed from the blood per unit time. The amount removed is a func- 
tion of plasma concentration and when the logarithms of the plasma BSP values are 
plotted against time they tend to assume a straight line relationship. At low plasma con- 
centration removal of dye proceeds more slowly and its disappearance from blood, when 
graphed in the same manner, becomes curvilinear.*!** This is thought to be caused by a 

_ decreased uptake of BSP by the liver,** a phenomenon spoken of as “saturation.” When 
flattening of the excretion curve, or ‘saturation,’ occurs early and while plasma BSP 
is still high, liver function is abnormal. In some patients with hepatic disease, the first part 
of the curve may be a sharp slope characteristic of initial rapid removal of BSP, as is seen 

in normals, followed by early flattening while at high plasma dye concentration indicating 
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a slower and decreasing rate of removal. In other disorders, the removal rate may be con- 
stant but quite slow from the start yielding a line which, while straight, is more nearly 
horizontal than normal. 

To illustrate the above considerations and to provide a frame of reference for the 
analysis of the data obtained in the premature infants, the excretion curves of two normal 
adults (A, B) and three patients with hepatic disease (C, D, E) are shown in chart 1. 
The same dosage schedule of 5 mg./kg. of body weight was maintained, but for the 
adults the standard 5% BSP solution was used. In both normal adults (A, B) the plotted 
values are rectilinear for the greater part of the test. After 45 and 30 minutes, respec- 
tively, and at low plasma concentrations they become curvilinear. Lines C and E are the 
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MINUTES AFTER BSP INJECTION 


CHART 1. BSP excretion curves in 2 normal adults (A, B) and 3 patients 
with hepatic disease (C, D, E). 


excretion curves of an adult with postinfectious hepatitis and an infant with congenital 
luetic hepatitis, respectively, and illustrate the biphasic type of curve discussed above. 
The curve obtained in a patient with cirrhosis is shown in line D and represents a gross 
distortion of the normal. 

As commonly performed in clinical practice the end point of the test is the percentage 
of dye retained in the blood 45 minutes after a single intravenous injection of BSP 
5 mg./kg. body weight.** To standardize the interpretation of the test, it is assumed that 
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the plasma volume is 50 cc./kg. body weight and that, therefore, at the point of uniform 
dispersion of dye a concentration of 10 mg./100 cc. of plasma is achieved. This is arbi- 
trarily designated as 100%. A retention of 4% or less is regarded as normal.* Thus the 
calculations are based on two assumptions, both of which are open to question. It is un- 
likely that all subjects in whom the test is performed have identical plasma volumes.** 
It is also unlikely that homogeneous diffusion of dye in plasma occurs before actual re- 
moval by the liver begins. The failure to calculate the dosage of BSP on the basis of the 


actually determined plasma volume is thus a potential source of considerable inaccuracy in 
the 45 minute retention test. 


“TABLE 1 


NORMAL ADULTS AND PATIENTS WITH HEPATIC DISEASE 








% BSP Retention 


Diagnosis ot 43 wie 





Normal adult 

Normal adult 

Postinfectious hepatitis (adult) 
Hepatic cirrhosis (adult) 
Congenital luetic hepatitis (infant) 
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From chart 1 and table 1 it is seen that in both normal adults retention at 45 minutes 
is less than 4% while all three patients with hepatic disease have retention values con- 
siderably in excess of 10%. 

The graphic plotting of serial plasma BSP values provides a more dynamic evaluation 
of liver function and a better understanding of hepatic efficiency during the progression 
of the test than is possible by the estimation of a single BSP concentration at a fixed time. 
Also, for the usually employed dosages of dye, the utilization of the logarithms of the 
plasma BSP levels obviates the necessity for the exact calculation of dose per unit of body 
weight and the need to determine the actual plasma volume, potential sources of error 
inherent in the standard test. With changing dosage the concentration of plasma BSP may 
vary but since a constant proportion of dye is removed per unit time, the slope of the 
line should remain unchanged. It may, of course, be displaced to the right or left de- 
pending upon whether the dose is larger or smaller. 


DATA ON PREMATURE INFANTS 


BSP excretion tests were performed in 35 premature infants of varying age and weight. 
The infants are divided into five groups according to age at the time the tests were per- 
formed. Within each of the groups the excretion curves are numbered in order of in- 
creasing weight except for those infants 42 days and over whose curves are numbered in 
order of increasing age. The tables list the same subjects identified to correspond with 
their respective excretion curves and show individual birth weights, weights at the test, 
age and percentage dye retention at 45 minutes. 


A. Premature Infants 18 to 28 Hours of Age (chart 2 and table 2) 


These seven prematures weigh 1490 to 2350 gm. The curves, with the exception of 
number 7, from whom only three values could be obtained, are similar to those shown 
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CuartT 2. BSP excretion curves in 7 premature infants 18 to 28 hr. of age. 


in chart 1 for patients with hepatic disease but differ in the absence of the initial phase 
of rapid BSP removal. The slopes of the lines with early flattening indicate decidedly slow 
and decreasing rates of BSP clearance. Six of the prematures have more than 17% reten- 
tion at 45 minutes and four have high plasma levels 4 to 18 hours after injection. 


- B. Premature Infants 114 to 314 Days of Age (chart 3 and table 3) 


These seven prematures weigh 1570 to 2200 gm. Five of the seven have retention at 
45 minutes in excess of 9% and the three in whom the test was extended to 18 hours still 
have moderate retention at this time. While generally the curves are abnormal when com- 


TABLE 2 


PREMATURE INFANTS 18 To 28 Hours oF AGE 











Birth wt. Age | % BSP Retention 
(gm.) (hr.) at 45 min. 
1 1490 28 | 27.5 
2 2035 28 18.2 
3 2050 | 26 18.3 
4 | 2125 18 24.0 
5 | 2130 | 28 | 17.2 
6 2210 20 25.5 






2350 24 | —_ 
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Cuart 3. BSP excretion curves in 7 premature infants 11/, to 31/ days of age. 


pared to those of adults and show early flattening at high plasma BSP concentration, 
several are now biphasic and show the initial phase of rapid dye removal. 


C. Premature Infants 414 to 14 Days of Age (chart 4 and table 4) 

In this group of five infants four are 414 to 6 days of age and one, subject 19, is 14 
days. The weights vary from 1575 to 2150 gm. Four show the initial sharp slopes of 
rapid BSP clearance. However, early flattening at fairly high plasma BSP levels is still 
present in three. Subject 19 has a curve approaching normal and it seems certain that 


TABLE 3 


PREMATURE INFANTS 13 TO 33 Days or AGE 





Birth wt. Age Wt. at Test 








% BSP Retention 

(gm.) (hr.) (gm.) at 45 min. 
8 | 1570 62 1510 9.0 
9 1930 72 | 1790 <4.0 
a, 1830 62 1810 15.5 
Bo 2150 84 1900 | 11.8 
oa 2140 48 2000 | 2.1 
13 2150 60 2000 11.8 
14 2260 42 2170 _ 
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CuarT 4. BSP excretion curves in 5 premature infants 41/4, to 14 days of age. 


subject 17, each of whose values approximate a straight line, would have had a normal 
curve had more blood samples been secured for analysis. The percentage dye retention 
at 45 minutes is also approaching adult values. 


D. Premature Infants 21 to 32 Days of Age (chart 5 and table 5) 


These 10 prematures weigh 1870 to 2750 gm. In all there is now rapid initial removal 
of dye as shown by the sharp slopes of the curves and all have retention values of less 
than 4% at 45 minutes. The trend toward the normal adult configuration continues but 
the biphasic character of the curves is still apparent in most. Early flattening is still present 
but the plasma concentration at which this now occurs is approaching normal. It is appar- 


TABLE 4 


PREMATURE INFANTS 4} TO 14 Days or AGE 















| Birth wt. Age | Wt. at Test % BSP Retention 
| (gm.) (days) | (gm.) at 45 min. 
mo. 1660 | 44 | 1575 15.5 
16 | 1720 | 4} | 1645 | 5.7 
17 2070 6 | 1875 <5.0 
18 1980 5 1990 


19 | 1970 14 2130 | 1.4 
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CHART 5. BSP excretion curves in 10 premature infants 21 to 32 days of age. 


ent that in most of these infants hepatic clearance of BSP is less efficient than in the 
adult although if the adult standard 45 minute retention of 4% is the criterion, all are 




















normal, 
TABLE 5 
PREMATURE INFANTS 21 TO 32 Days OF AGE 
Birth wt. | Age in |  Wt.atTest | 9% BSP Retention 
(gm.) | Days (gm.) | at 45 min. 
| | | | 

20 1530 27 1870 1.8 
21 1680 | 27 1940 3.0 
22 | 1700 32 1980 0.0 
23 | 2030 | 22 2160 3.8 
24 1870 26 | 2260 <4.0 
25 | 1980 21 2330 3.0 
_ 26 | 1970 27 2400 3.9 
27 | 2210 28 2490 2.2 
28 2070 | 24 2630 0.0 
2.7 


20 | 2120 26 2750 





| 
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CHART 6. BSP excretion curves in 6 premature infants 42 to 110 days of age. 


E. Premature Infants 42 to 110 Days of Age (chart 6 and table 6) 


The weights of these six infants range from 2010 to 4120 gm. With a single exception 
all have normal retention values at 45 minutes, The curves are still biphasic with “‘satura- 
tion” occurring above normal adult levels in all except those over 68 days of age. 


TABLE 6 


PREMATURE INFANTS 42 TO 110 Days oF AGE 











Birth wt. | Age in | Wt. at Test % BSP Retention 
(gm.) Days (gm.) at 45 min. 
30 1845 | 42 2530 0.0 
31 1530 50 2145 4.8 
ee 990 68 2010 <3.0 
ae 1070 68 2270 2.0 
Ble 980 93 2650 1.5 


35 1430 110 | 4120 0.0 
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AVERAGE RATE OF BSP REMOVAL BY AGE GROUP 





2F 
2 18-28 “OURS 
i 
_ 
So 1 
= of 1_-3% DAYS 
a2 6f 
2 7? 
fe) 
= 45 
SL 4/,-\4 DAYS 
3} 


2 
ae 
Se ee TS ELT RY TM 


3 9 's »” 45 60 
MINUTES AFTER BSP EXCRETION 











CuarT 7. Average BSP excretion curves by age groups. 


The result of the BSP tests may now be considered as a whole. In chart 7 are depicted 
the average excretion curves in each of the aforementioned age groups. The progressive 
improvement in hepatic clearance is apparent at once, With increase in age the rate of 
BSP removal increases and hepatic efficiency presumably improves. The initial part of the 
curves shows a trend toward more nearly vertical slopes ; flattening becomes less apparent, 
and occurs at lower plasma levels with advancing age. 

That age is the determining factor in the maturation of hepatic function, as measured 
by the BSP test, may be seen also by a comparison of individual excretion curves. Thus, 
subjects 5 and 19 both weigh 2130 gm. The former is 28 hours of age and has a grossly 
abnormal curve; the latter is 14 days and has a curve approaching the normal pattern. It 
might be expected that a newly born premature infant would have poorer liver function 
than an older infant of lesser weight. Comparison of the curves of subjects 7 and 20 sub- 
stantiates this. The excretion curve of subject 20 who is 27 days of age and weighs 1870 
gin. is distinctly superior to that of subject 7 who is 2350 gm. but only 24 hours of age. 
However, this is not invariably so. For example, subject 12 who is 48 hours old and weighs 
2000 gm. has a superior excretion curve to that of subject 18 whose weight is identical 
but who is 5 days of age. It must be pointed out, however, that subject 12 has a greater 
birth weight and was presumably more mature at the time of birth. 
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AVERAGE AND RANGE OF BSP RETENTION AT 45 MINUTES 
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CuHartT 9. BSP retention at 45 min. as related to age and weight. 
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Chart 8 shows the range and the average BSP retention at 45 minutes by age group. 
It is clear that by three weeks after birth adult levels are reached. 

In chart 9 the percentage retention values at 45 minutes are plotted against weight by 
age. For all the tests performed, improvement in hepatic function appears to correlate 
primarily with age rather than with weight. Thus the infants from 114 to 6 days of age, 
all of whom weigh 2000 gm. or less, have better retention values than those of one day of 
age, most of whom weigh 2000 gm. or more. In the group of infants weighing 1800 to 
2000 °gm., the retention of BSP is greater in the very young prematures and less in the 
older ones. After 14 days normal values are found regardless of weight. 


DISCUSSION 


No attempt was made to correlate the extent of hepatic immaturity, as measured by 

the BSP test, with the degree of bilirubinemia. It has already been established that no 
such correlation exists in the newborn and that abnormal dye retention can occur in the 
neonatal period in the presence of normal serum bilirubin levels.’ ** It has been demon- 
strated in normal adults and in experimental animals that injection of bilirubin does not 
materially alter the character of the BSP excretion curves.** Bilirubin and BSP are both 
carried in the blood bound to protein.** Cantarow et al.** believe that while both are 
probably excreted by the same mechanism, BSP is preferentially excreted when they are 
injected simultaneously. This lack of parallelism had previously been noted by others. 
Snell, Greene and Rowntree** found that obstruction of the biliary system is not followed 
by immediate impairment of dye removal. Later, dye retention parallels bilirubin reten- 
tion. Following the injection of BSP and bilirubin, Mills and Dragstedt*® found that the 
rate of disappearance of dye exceeds that of the bilirubin. Furthermore, blocking of the 
reticuloendothelial system with india ink results in a greater retention of BSP than bili- 
rubin. | ; 
Investigators are not in accord as to the exact mechanism by which BSP is removed 
from the blood and excreted into the bile. Herlitz’ originally suggested that BSP was 
taken up by the reticuloendothelial system, principally the Kupffer cells. Subsequent 
studies by others have demonstrated that the removal of dye from blood is delayed when 
the reticuloendothelial cells are blocked by a prior injection of india ink or when a large 
volume of functioning reticuloendothelial cells is removed by splenectomy.*® *° Eviscerated 
animals are able to remove BSP from blood in the absence of the liver and a considerable 
amount may be removed by the peripheral tissues under the special conditions of the 
experiments.‘ # 

On the basis of differential rates of disappearance of BSP from blood and its subse- 
quent appearance in bile, it has been postulated that two separate mechanisms, which 
can be. shown to be dissociated, are responsible for the phases of dye removal on the one 
hand, and dye excretion on the other.** 

One concept of the mechanism of BSP excretion has been formulated by those who 
support the role of the reticuloendothelial system. Following diffusion of dye into plasma, 
where it is bound to the albumin fraction of plasma protein,*® BSP is removed from 
blood by the reticuloendothelial system, largely the Kupffer cells, and transferred to the 
hepatic cells, where, as a result of the action of bile salts, the albumin-BSP link is broken, 
and the dye finally excreted into bile.** The precise mechanism involved in these changes 
is not Known. The scavenger activity of the Kupffer cells is believed responsible for the 
early phase of rapid dye removal from blood and the activity of the hepatic cells accounts 
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for the slower phase of excretion of BSP into bile. It is possible for biliary excretion to 
be abnormal while removal of dye from blood proceeds normally. On the other hand, if 
excretion of BSP into bile is delayed by parenchymal disease, transfer of BSP from Kupffer 
cells may be delayed. Hence the rate of further uptake of dye from blood by the Kupffer 
cells may then be reduced. It is probably the delay in biliary excretion which produces the 
flattening of the curves or “‘saturation’’ seen in patients with liver disease in chart 1. 

The role of the reticuloendothelial cells in this concept. is not universally accepted. 
Ingelfinger and his colleagues*? believe that the removal of a constant proportion of dye 
in normal subjects speaks for a single mechanism or at least a predominant mechanism. 
Brauer and Pessotti,*® as a result of in vivo and in vitro experiments, have postulated that 
the basic mechanism is an exchange of protein-bound BSP between plasma and hepatic 
cells. Mendeloff and his coworkers** have shown, by simultaneous measurements of BSP 
in peripheral and hepatic venous blood, that “‘saturation” is always associated with a 
decrease in BSP extraction by the liver. They concluded that ‘‘saturation” is caused by an 
impairment of the hepatic uptake mechanism. They also challenged the validity of the 
evidence bearing on the role of the reticuloendothelial system in removing BSP from 
blood in animal experiments involving splenectomy and india ink injections, Splenectomy 
may affect the uptake of BSP by reducing portal circulation. India ink may also block 
the sinusoids thereby preventing sufficient contact between parenchymal cells and blood. 

While Kauhtio** has observed dye in both parenchymal and Kupffer cells in frozen 
sections of the liver in test animals, the weight of physiologic evidence would appear to 
favor the view that in the handling of nonparticulate or soluble dyes, the reticuloendo- 
thelial system has no direct share. All workers are generally agreed that under the con- 
ditions of the clinical test as usually performed, the liver is the principal site of BSP 
removal and excretion. 

In order to explain the altered liver function of prematures, it is necessary to invoke 
all facets of the mechanism of BSP excretion. These include hepatic blood flow, rapidity 
of uptake of BSP, and efficiency of excretion of dye into bile by the parenchymal cells. 

In a test that involves clearance of a dye from blood by the liver, hepatic blood flow 
is an important factor. Under circumstances of impaired circulation, as in shock or cardiac 
failure, decreased removal of BSP results.*’ It is possible that the markedly flattened 
curves indicative of slow dye removal seen on the first day of life result from the adjust- 
ments in circulation which take place immediately after birth. It is unlikely, though, that 
this would explain hepatic dysfunction lasting for some time thereafter. The closure of 
the ductus venosus cannot conceivably have anything but a transient effect since it closes 
as a consequence of the cessation of blood flow from the umbilical vein. The portal venous 
and hepatic arterial flow are intact, function normally, and carry the burden of the circu- 
lation. | 

On the other hand, it has been shown that there is progressive increase in the number 
of capillaries in the liver with increasing fetal age*® and it may well be that this improve- 
ment in vascularity, by increasing the effective hepatic blood flow and thereby exposing 
the parenchymal cells to a larger volume of blood in the sinusoids, leads to improved 
efficiency of dye removal. Fig. 1 shows this increase in capillaries in the livers of fetuses 
of varying weights. 

The logarithmic decline observed in the very young premature infants suggests that, in 
these subjects, circulation is the limiting factor, and that for a while, excretion can keep 
pace with the rate of delivery of BSP to the liver. This is in keeping with the anatomic 
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Fic. 1. Photomicrographs showing progressive increase in capillary vascularity of liver in neonates 
of varying weights: A. in infant weighing 800 gm.; B. in infant weighing 1080 gm. C. in infant 
weighing 2020 gm. and D. in infant weighing 3730 gm. (Courtesy, Mali and Raiha,“ Acta Paedia- 
trica). 


handicap of relatively incomplete capillary vascularity. Examination of the excretion 
curves indicates that the first sign of approaching normalcy is the appearance of the 
sharp initial slopes indicating rapid hepatic clearance of dye early in the course of the 
test. This may result from the increase in capillaries leading to an improved sinusoidal 
blood flow, or to a maturation of the hepatic uptake mechanism. The continuance of the 
biphasic character of the curves, by analogy with the adult, suggests an incompetent ex- 
cretory mechanism which results in early “saturation” of the hepatic parenchyma so that 
further removal of dye from blood is impaired. 

The disappearance of BSP from the blood stream of the premature infant differs from 
that of the normal adult in that it occurs at a much slower rate. As seen previously in chart 
7, BSP extraction approaches normal with increasing age. The curves become more nearly 
vertical, the initial slope becomes sharper, and “‘saturation’”’ occurs at progressively lower 
plasma BSP levels. Even at 6 to 8 weeks, however, biphasic elimination curves are obtained 
which resemble those seen in adults with hepatic disease. For more critical interpretation 
of these data it is necessary to secure information concerning quantitative excretion of dye 
into bile as compared with the amount of BSP removed from blood, and the percentage 
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extraction of dye from the blood traversing the liver. Technical difficulties preclude 
obtaining these measurements in prematures. 

The 45 minute retention values obtained in the prematures clearly indicate that there 
is a close correlation between these results and the age, rather than the weight, of the 
infants, and that by three weeks, normal adult values are obtained. While the 45 minute 
retention figures are normal by three weeks, the excretion curves are distinctly biphasic 
for a longer period and did not achieve the adult pattern until after 68 days in this study. 
Thus, the excretion curve is a far more sensitive indicator of hepatic function than is the 
determination of the single 45 minute plasma BSP level. 

While there is no correlation between efficiency of BSP clearance and the weight of 
the premature infant there is also no correlation with organ mass. Thus, if the increase 
in liver size were disproportionately greater than the increase in total body mass improve- 
ment in hepatic function might be attributed to this rapid growth of the liver. From the 
work of Potter and Adair,*® however, it appears that for fetuses weighing up to 4250 gm. 
the increase in liver size is directly proportional to increase in body weight. Thus, organ 
mass, as body weight, is not the determining factor in the progressive maturation of 
hepatic function as measured by the bromsulphalein test. 

Parallel studies could not be performed on normal newborns in sufficient numbers to 
permit a direct comparison with the prematures. However, the results of the 45 minute 
retention test in the newborns up to 10 days of age, as obtained by Yudkin and Gellis,* 
show much the same distribution of values as do the prematures over the same period. 
A single BSP excretion test performed in a 3.2 kg. infant at 3 hours of age gave a curve 
indistinguishable from those of the prematures one day of age. Thus, it seems likely 
that prematures 2 to 3 weeks old would have demonstrably better hepatic function than 
full-term infants on the first day of life although they weigh considerably less. It is also 
likely that a study of the excretion curves of newborns of varying age would show the 
same improvement with age as do the prematures but possibly telescoped over a shorter 
period. 

SUMMARY AND CONCLUSIONS 


In normal adults, following a single intravenous injection of BSP, the logarithmic 
decline of plasma BSP levels is rectilinear. In patients with hepatic disease, the ploited 
values are curvilinear with flattening of the curve, or “saturation,” occurring at high 
plasma BSP concentration. The use of the excretion curve provides a dynamic representa- 
tion of the hepatic uptake of dye throughout the test, avoids the theoretic objections to the 
45 minute test, and obviates the necessity for plasma volume determinations. 

Thirty-five healthy prematures of varying age and weight were the subjects of a study 
of liver function by the bromsulphalein excretion test. As measured by the BSP excretion 
test, there is progressive maturation of liver function with age in prematures which does 
not necessarily correlate with weight. The excretion curves obtained in prematures 18 to 28 
hours of age resemble those of older patients with severely impaired hepatic function. 
Clearance of dye in these subjects is slow throughout the test. With increasing age there 
is a gradual change in the pattern of the curves characterized by the appearance of the 
initial sharp slopes coincident with rapid dye removal. “Saturation,” or flattening of the 
curves, persists until a later age and takes place at progressively lower plasma levels. This 
biphasic pattern is apparent in the prematures over 4 days of age. The normal adult pattern 
is not attained until about 6 to 8 weeks although the 45 minute retention values become 
normal at three weeks. 
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The gradual development of normal excretion curves in premature infants may be 
explained by the progressive maturation of the anatomic and physiologic factors involved 
in the mechanism of BSP clearance. The increasing size of the capillary network in the 
liver that occurs with advancing age in effect increases hepatic blood flow and exposes a 
greater volume of blood in the sinusoids to the activity of the liver. The appearance of the 
initial sharp slopes, representing rapid dye removal, probably results from this increasing 
vascularity and possibly from maturation of the hepatic uptake mechanism. The con- 
tinuance of the biphasic character of the curves probably results from inability to excrete 
the dye efficiently into bile. 
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SPANISH ABSTRACT 


La Prueba de la Excrecion de la Bromosulfaleina (BSP) Como Una Medida de la 
Funcion Hepatica en los Nifios Prematuros 


En el adulto normal después de una inyeccién intravenosa Unica de bromosulfaleina, la disminu- 
cién logaritimica de los niveles de esta substancia en- el plasma es rectilinea. En enfermos con 
padecimientos hepaticos la representacién grafica de este dato es curvilinea con un aplanamiento, 
o “‘saturacion,” que se presenta cuando la concentracién de bromosulfaleina en el plasma es elevada. 
El uso de curvas de excrecién provee una representacién dinamica de la retenciédn hepatica del 
colorante en el transcurso de la prueba, evita las objeciones teéricas a la prueba de los 45 minutos y 
elimina la necesidad de determinaciones del volimen del plasma. 

Como una medida de la funcién hepatica, en 35 prematuros sanos de diversas edades y pesos, se 
verificé6 la prueba de excrecién a la bromosulfaleina. De acuerdo con este examen hay una madura- 
cién progresiva de la funcién hepatica en prematuros relacionada con la edad pero no necesariamente 
con el peso. Las curvas de excrecién obtenidas en prematuros de 18-28 hrs. de edad, semejan aquellas 
encontradas en pacientes mayores con insuficiencia hepatica severa. En ellos la desaparicién de colo- 
rantes es lenta durante toda la prueba. Con el aumento en edad hay un cambio gradual en el tipo 
de las curvas, caracterizado por la aparicién de un descenso inicial rapido que coincide con la 
eliminacién rapida del colorante. La ‘‘saturacién,”’ 0 aplanamiento de las curvas persiste hasta edades 
posteriores y tiene lugar con niveles del colorante en el plasma, cada vez menores. Este trazo difasico 
es aparente en prematuros de mas de 4 dias de edad. El tipo normal de adulto no se alcanza sino 
hasta aproximadamente la 6a. u octava semana, aunque las cifras de retencién a los 45 minutos 
ieguen a la normalidad a las 3 semanas. 

El desarrollo gradual de curvas normales de excrecién en prematuros, puede explicarse por la 
rnaduracién progresiva de los factores anatémicos y fisiolégicos relacionados en el mecanismo de la 
“clarificacié6n’”” de la bromosulfaleina. Con la edad aumenta la red capilar del higado, lo que incre- 
menta la circulacién de esta viscera que pone en contacto, en los sinusoides, con la funcién hepatica, 
un mayor volumen de sangre. 

La aparicién del descenso inicial rapido, que representa una eliminacién pronta del colorante, 
resulta de la poca habilidad para excretar en la bilis esta substancia. 


Louisiana State University School of Medicine 























REPORT OF TWO YEARS’ EXPERIENCE IN THE 
TRANSPORTATION OF PREMATURE INFANTS 
IN NEW YORK CITY 


By HELEN M. WALLACE, M.D., MARGARET A. Losty, R.N., 
AND LEONA BAUMGARTNER, M.D. 
New York City 


N NEW YORK CITY, there are now approximately 157,000 live births each year, 

of whom 12,813 or 814% are prematurely born when birth weight is used as the 
criterion of prematurity. Of the apptoximate 13,000 premature infants born annually, 
3,610 weigh less than 2,000 gm. at birth. Because of the considerably higher mortality 
rates of premature infants in the lower weight groups, it is considered wise to provide 
specialized pediatric and nursing care for them. With the already low infant mortality 
rates in the city (24.9 per 1,000 live births in 1950) special attempts to save lives of 
those born prematurely provide an effective way of further reducing the loss of infant 
life. Preventing premature labor is of course fundamental to the solution of the problem 
and is being attacked in various ways. 

This paper, however, is chiefly concerned with the experience that has accumulated in 
the two year period (November 1, 1948—November 1, 1950) with a group of 1,209 
prematurely born infants who were transferred from the place of birth (hospital or 
home) to a “premature center.” The establishment of the transport service was but one 
part of an accelerated postwar program to reduce deaths associated with prematurity. The 
entire program is a voluntary one—in that physicians, hospitals and patients cooperate 
on a voluntary basis under the general guidance of an expert team of pediatricians, ob- 
stetricians and nurses who are fulltime or part-time employees of the Maternity and New- 
born Division of the Department of Health. 

The ambulance service is operated jointly by the New York City Departments of 
Health and Hospitals; the ambulance, its equipment, oxygen and drivers are supplied by 
the latter Department ; the Health Department provides the nurses for the transport serv- 
ice, the clerical staff, and the medical and nursing administration and supervision of the 
service. Priority in transport is given to the following babies: (1) the smallest babies; 
(2) babies in the poorest condition; (3) babies born in the poorest hospitals; (4) babies 
born at home. Details of the planning and initiation of the transport service have al- 
ready been published.? 

Concomitantly with the establishment of the transport -service, facilities for care of 
prematures were improved and expanded in six “premature centers’ having a total ca- 
pacity at present for 143 infants. Seven more “‘centers” are currently being planned or 
constructed with a capacity for 220 additional infants. 

This report will describe some of the accomplishments and problems of a transport 
service during the early and intermediate stages of the development of a community pre- 


From The Maternity and Newborn Division, New York City Department of Health, New York 
City. 
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mature program. It will also portray certain patterns of medical practice as gleaned from 
the records of the premature infants transported. 


ANALYSIS OF PREMATURE INFANTS TRANSPORTED 

1. Infants Transferred and Their Hospital Mortality Following Transport 

During the first two years of the Transport Service, a total of 1,209 infants were 
transferred, of whom 543 were transported in the first year and 666 in the second year. 
A total of 307 babies died in the hospital following transport, of whom 146 died in the 
first year and 161 in the second year, with over-all hospital mortality rates following 
transport of 26.9% and 24%, respectively. The hospital mortality rates in the various birth 
weight groups were improved in the second year of transport over the first year’s transport 
series (table 1). One explanation for this improvement might be the fact that during 
the second year two new premature centers were opened and practice in existing centers 
was improved. 

It is obviously difficult, if not impossible, to compare the hospital mortality per cent 
of the two years’ transport series with the experience of all premature infants born alive 
in the City during a year’s period. The 1948 city-wide premature statistics are presented 
however for purposes of over-all comparison. 

It is noted that in both years’ transport series, approximately 85% of the infants trans- 
ferred weighed less than 2,000 gm. at birth. In other words, as was the plan, emphasis 
has been given in placing the smallest infants in the premature centers. Usually the large 
premature infants transferred have been of two main types: 

(a) Premature infants born at home and unable to be cared for there due to unsuitable 

home conditions. 

(b) Hospital-born premature infants in poor condition at the time of transfer. 


2. “Candidates For Transport’” Who Were Transferred 
In evaluating the effectiveness of a community program, it is essential to know the 
TABLE 1 


BrrtH WEIGHT DISTRIBUTION AND HospitaL MorTALITY OF PREMATURE INFANTS TRANSPORTED IN 
Frrst AND SECOND YEARS OF PREMATURE TRANSPORT SERVICE, AND BIRTH WEIGHT DISTRIBUTION OF 
ALL PREMATURE INFANTS BorN ALIVE IN NEW York Ciry IN 1948 aND 
MorTALITY IN First YEAR OF LIFE 
































may eee | | Hospital Mortality | Mortality % in 
T ‘| No. Premature | % of Premature | First Month of 
ransported ' 
Infants Born Infants Transported Life All Pre- 
Wt. Group Alive in | | mature Infants 
New York Born Alive i 
11/1/48- | 11/1/49- City in 11/1/48- | 11/1/49- | “1048 in New 
11/1/49 | 11/1/50 1948 11/1/49 | 11/1/40 York City 
Under 1000 gm. 93 101 563 72.0% | 71% 86.1 
1000-1499 gm. 140 187 816 26.4% | 23% 50.0 
1500-1999 gm. 229 272 2,231 13.1% | 10% 15.3 
2000-2500 gm. 78 | 84 9,203 17.9% 7% 3.1 
Over 2500 gm. | 3 21 33.3% | 52% 
Unknown — 1 — | 100% 
Totals | ses | 666 | 12,183 | 26.9% | 24% 12.2 
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TABLE 2 


BirtH WEIGHT DIsTRIBUTION OF PREMATURE INFANTS WHO WERE 
CANDIDATES FOR TRANSFER AND PERCENTAGE TRANSFERRED 



































1948 New York City Transport % of “Candidates”* 
Premature Statistics Experience Who Were Transferred 
l 
| No. B No. Transferred 
Wt. Group No. Born sietenag biases eins 
No. in Pre- Hospitals | 11/1/48- | 11/1/49- 
Born mature onl es 11/1/48- | 11/1/49-| 11/1/49 | 11/1/50 
Centers Home* | 11/1/49 | 11/1/50 
Under 1000 gm. 563 212 351 93 101 26.5% 28.8% 
1000-1499 gm. 816 308 508 140 187 27.5% 36.8% 
1500-1999 gm. 2,231 839 1,392 229 272 16.5% 19.6% 
2000-2500 gm. 9.203 3,759 5,444 78 84 1.4% 1.5% 
Over 2500 gm. — — _ 3 21 ‘ 
Unknown — — _ — 1 
Totals | 12,813 4,819 | 7,994 543 666 6.8% 8.3% 











* “Candidates for Transfer.” 


volume of coverage of the community population for whom the program is intended. 
Table 2 demonstrates that only 8.3% of candidates for transfer were transferred. In indi- 
vidual weight groups the extent of coverage was as high as 37%. Furthermore, the ex- 
tent of coverage increased in all weight groups in the second year as compared with the 
first year of the Transport Service. 


3. Requests For Transport Which Could Not Be Met 

The question is frequently raised by pediatricians concerning the fate of premature 
infants who could not be transferred due to the lack of a vacancy in a “premature center” 
even though request for transport was made. During the first two years of the Premature 
Transport Service, requests were received to transfer an additional 368 infants who were 
not transported berause of the lack of a bed in a “center.” Thirty-nine per cent died at 
the place of birth. The hospital mortality rates of this group in the three lowest individual 
birth weight groups are considerably higher than the rates for the transport series, and in 
some birthweight groups even higher than the 1948 city-wide premature statistics (table 
3). In general, these facts should be correlated with the following priorities established 
for the Transport Service: (1) infants in the lowest birth weight groups; (2) infants in 
poor condition; (3) infants born in the most substandard hospitals; (4) infants born 
at home. In other words, no attempt was made to select the ‘‘best babies’ for transport. 


4, Cooperation of Hospitals 

In the first two years of the Transport Service, 101 hospitals cooperated in the pre- 
mature program, of whom 5 were nonmaternity hospitals and 96 were maternity hos- 
pitals. All the 13 municipal hospitals, all but 1 of the 30 proprietary hospitals, and all 
but 10 of the 64 voluntary hospitals cooperated. Thus, of the 107 maternity hospitals, 
96 or 90% cooperated; of these 96 maternity hospitals, 16 received infants from the out- 
side and 80 transferred premature infants to the 16 hospitals. This degree of cooperation 
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TABLE 3 
REQUESTS FOR TRANSPORT WHICH CouLD Not BE Mert 11/1/48 
To 11/1/50 AND FaTE or Tus Group 





Total 


| Survived at | Died at | 











Di ae Hospital 

Wt. Group Not | Placeof | Place of oe manatee Mortality 

| Transferred Birth | Birth a Per Cent 
Under 1000 gm. 56 4 52 1 | 93% 
1000-1499 gm. 58 15 | 41 2 711% 
1500-1999 gm. 147 96 | 41 10 28% 
2000-2500 gm. 7 +] aS 9 4% 

Over 2500 gm. 4 1 0 3 0 

Birth Wt. Unknown 18 | 3 6 9 33% 
Totals | 368 191 143 34 | 39% 








in the early and intermediate phases of the program is highly gratifying, and shows the 
degree of realization by hospital and medical personnel that the smaller premature infant 
deserves the best care that a community has available. 


5. Category of Patients Transferred 


Of the 1,209 infants transferred in the first two years, 890 (73.6%) were born on 
the private service and 319 (26.4%) were born on the general service. The fact that 
74% of the babies transferred were delivered by private physicians shows the extent of 
cooperation and support of the community premature program by practicing physicians. 
It should be pointed out that in the planning and initiation of this Service, considerable 
time was taken to explain the various aspects of the program to organized medical, hos- 
pital, and nursing groups and to individual practicing physicians This step is essential if 
a community program is to be used to its fullest advantage and if there are understanding 
and cooperation of all groups concerned. 


6. Time After Birth When Transfer Was Accomplished 


The intent has been to transfer all premature infants needing transfer as soon after 
birth as possible. Of the 1,209 infants transported, 551 (45.5%) were transferred in 
the first day of life, 260 (21.5%) in the second day, 198 (16.3%) in the rest of the first 
week, and 199 (16.5%) after the first week of life. Thus, the objective of transferring 
all infants needing transfer immediately after birth was not approached for several 
reasons: (1) lack of vacancies in centers; (2) the tendency of some hospitals to keep the 
infant for financial reasons at the place of birth until the mother was discharged. The 
availability of more beds in centers and further education of hospital personnel are 
necessary before this objective can be fully achieved. 

A question frequently asked is whether it is desirable to have such a policy of immediate 
transfer after birth, or whether it would be better to wait until the second or even third 
day of life. The data in table 4 are presented with this question in mind. As would be 
expected it would appear that the older the infant at transport, the better chance he has 
for survival. This conclusion may not be justified, however, since the policy has been to 
transfer even infants in poor condition immediately after birth at the request of desper- 
ately anxious physicians, hospitals and parents. This policy obviously has a profound in- 
fluence on the data presented in table 4. 
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TABLE 4 


EFFECT OF AGE AT TRANSFER Upon HospitaL MortaLitry— 
First 2 YEARS OF TRANSPORT SERVICE 
Age at Transfer* 






































Under 1 Day 2nd Day 3rd Day and Over 
Wt. Groups 
Transferred | Died | Mort. % |Transferred| Died | Mort. % |Transferred| Died | Mort. % 

Under 1000 gm.* 153 | 116 | 75.8% 28 18 | 64.2% 12 4 | 33% 
1000-1499 gm. wz |; St 29.5% 70 18 25.7% 85 10 11.7% 
1500-1999 gm. 167 31 18.5% 125 11 8.8% 209 15 7.1% 
2000-2500 gm. 51 9 17.6% 35 6 17.1% 76 4 5.2% 
Over 2500 gm 7 2 30% 2 2 100% 15 8 53.3% 
Unknown 1 1 | 100% — - | | _ — _ 

Totals 551 | 210 | 38% | 260 | 55 | 21.1% | 307... |--@ 10.3% 





* One additional infant 1,000 gm. was transferred, age at transfer unknown. 


One might conjecture from a long range point of view that, if the level of immediate 
care at the place of birth is of a high caliber, it would be desirous to delay transfer for 
a day or so. This would mean that each maternity hospital would have to have at least 
one nurse on duty at all times who has had special training in the care of the premature, as 
well as special facilities (heat and oxygen) and good emergency standing orders and 
service for such immediate care. Such a situation does not obtain in all maternity hos- 
pitals in New York City at present nor is there any way now to provide adequately for 
the small premature born at home who still would need to be transferred early. 


7. Length of Time During Transport 


During the first two years of the Transport Service, the special ambulance made 1,134 
trips lasting a total of 124,725 minutes, or an average of 110 minutes per trip from the 
time the ambulance left the Transport Office until it returned. The time the infants were 
actually in transit in these 1,134 trips was 30,186 minutes or an average of 27 minutes 
for each infant or set of infants in transport. It took the Transport Service a period of 
approximately five months after its initiation to become a well organized program and 
to learn geographic locations and travel routes to hospitals; this fact is reflected in the 
longer average time in transport in the first five months of the service, and the stabilized 
duration of trips thereafter. 


8. Average Length of Stay in Centers 


The average length of stay in the hospital following transport of this group of 1,209 - 
infants was 33 days, which compares favorably with other similar reports.» * 

Since July 1, 1950, the New York City Health Department has been paying for the 
hospital care of premature infants in approved “premature centers” at a ceiling rate of 
$12.00 per day. During the first 12 months of the payment program, a total of 
$285,505.75 has been expended for the hospital care of 915 premature infants, or a 
cost of $312.03 per infant, or an average length of stay of 26 days per infant in the 
centers. Families are asked to pay all or whatever they can toward the cost of care for 
these babies. The hospital determines the families which are eligible for the service on 
the basis of criteria agreed upon previously by the Department of Health and the hos- 
pitals. Actually only a small per cent have been able to pay much of the bill so that 
excluding those families who meet full cost the Health Department has paid for 97:3% 
of the hospital bill, the family or other source 2.7%. 
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9. Cost of the Transport Service 


In planning for a Transport Service many questions arise the answers to which at 
present have very little supporting data, Is it better for the administrative agency to 
provide the ambulance service directly, or to purchase ambulance service from a hospital 
or commercial ambulance company ? Who should staff the ambulance service—nurses, and 
if so after what kinds of training; firemen; or policemen? After careful review of the 
situation, it was decided that the two City Departments (Health and Hospitals) would 
provide and operate the ambulance service, and that the service would be staffed at all 
times by a nurse who has had special training in the care of the premature infant. So far, 


TABLE 5 


Cost OF OPERATION OF TRANSPORT SERVICE, Nov. 1, 1948-Nov. 1, 1950 











Amount 
Item 
Per Year For 2 Yr. Period 
Personnel 
Ambulance Drivers 
5 @ $2,890 $14,450.00 $28 ,900.00 
Nurses 5 @ $2,400 12,000.00 24,000.00 
Clerk 1,860.00 3,720.00 
Equipment 
Oxygen $ 627.60 
*Ambulance 486.00 
Construction of ambulance 500.00 
Portable incubators (5) 250.00 
fOther equipment 
(supplies, etc.) 300.00 
Total $58 , 783 .60 





* Original cost of ambulance was $2,434 in 1940. Depreciation of 10% allowed per yr. for 10 yr. 

t Original cost of total equipment was $1,500. Depreciation of 10% allowed per yr. for 10 yr. 
these decisions have proved to be justified for many reasons: (1) there is considerable 
belief that it is better for the infant, i.e., the amount of heat and oxygen are carefully sup- 
plied, and emergency measures such as suction and stimulants are always available during 
each trip; (2) the ambulance service can be carefully controlled and supervised; (3) 
the ambulance service can be closely integrated with the basic maternity and newborn 
program in many ways. ; 

In the early stages of a program, until enough “‘premature centers’ are developed, the 
provision of an ambulance service is undoubtedly more costly than the purchase of serv- 
ice within a community. It cost $58,783.60 to operate the service for the transport of 
1,209 infants over a two year period, an average of $48.62 per infant (table 5) for the 
two year period; the cost was $54.13 during the first year and $44.13 during the second 
year. The volume of transport (1,209 infants over a two year period) represents an 
average of 1.7 transports per day. The volume of transports per day could easily be 
doubled and probably tripled, thus reducing the cost per trip by one-half or two-thirds, 
as the program develops. 
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INDICES OF PATTERNS OF MEDICAL CARE 


In planning the records for the Premature Transport Service, a record form of the 
infant was devised so that the receiving hospital or “premature center’ would have perti- 
nent data on the mother’s antepartum and intrapartum course and on the course of the 
infant from birth to time of transport. Some of the pertinent data were studied in order 
to glean some picture of medical care in an urban area. 

A total of 59 mothers (5%) had received no antepartum care. Seventy-five women 
(6%) had no serologic test for syphilis during their pregnancy; there were no data on 
the performancy of a serologic test for 112 women (9%). Eighty-eight women (7%) 
had a serologic test, the results of which were unknown; this group is usually composed 
of women having their test done at the time of labor and delivery. Only eight women had 
a positive serologic test for syphilis. 

Rh determination was performed during the pregnancy of 653 women (54%) ; the 
frequency of Rh testing rose from 45%. during the first year of transport to 60% during 
the second year. : : 

Although the value of vitamin K in the prevention of hemorrhagic phenomena in pre- 
mature infants is still being debated, it has been widely recommended by obstetric groups 
for patients in premature labor. If not given to patients in labor, it has been recommended 
for use in the premature infant immediately after birth. Only 14 patients in labor (1%) 
received vitamin K. Six hundred and nine premature infants (50%) received vitamin K; 
the percentage of infants increased from 37% in the first year of transport to 62% in the 
second year. 

Some obstetric authorities have recommended that women in premature labor receive 
no analgesia, so that asphyxia neonatorum at least from this etiology may be prevented.*-* 
A total of 235 women (19%) received some analgesic agent, demerol alone or in com- 
bination being the most frequently used. Morphine was used in 25 women (2%) in 
spite of its known markedly depressant effects on the fetus. 

It is well known that there is some degree of danger in the too rapid delivery of a 
premature infant, as well as danger in prolonged labor.® In this series, 19% of the 
women had a rapid or precipitate delivery (3 hours of labor or less). Approximately 
214% of the women were in labor more than 24 hours. In 22% of the women there 
were no data on duration of labor. 

In the delivery of a premature infant, many obstetric authorities have recommended 
the use of prophylactic outlet forceps. 1° Of the 923 vertex presentations, only 143 
(15%) were delivered by forceps. 

It has been recommended that a general inhalation anesthesia not be used for women 
who are expected to deliver a premature infant." In this series, 528 women received some 
type of anesthetic, of whom 418 (79%) received a general inhalation type of anesthesia. 

A total of 422 women (35%) had a known complication of pregnancy ; the commonest 
complications were toxemia, placenta praevia, abruptio placentae, and premature rup- 
ture of the membranes, which occurred in 71% of the women who developed complica- 
tions. 

In this group, 558 women were primiparae and 751 women were multiparae. In this 
group of multiparae, there were delivered 188 previous premature infants and 184 pre- 
vious fetal deaths. In other words, one multiparous woman out of every four had delivered 
a previous premature infant, and one out of every four had delivered a previous stillborn 
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infant. These facts demonstrate the importance and potentialities of preconceptional 
care. 


PLACE OF BIRTH OF INFANTS TRANSPORTED 


In the first two years of the Transport Service, 1,073 infants (89%) were born in 
hospitals and 136 infants (11%) were born at home. Some interesting facts emerge in 
a special analysis of the home-born group: the hospital mortality following transport was 
considerably higher in the three lowest birth weight groups (under 2,000 gm.) ; a higher 
percentage of infants were transported in the first day of life; a higher percentage of the 
mothers were nonprivate patients; a higher percentage of the mothers had no antepartum 
care, no serologic test, no Rh determination and no vitamin K; and a higher percentage 
of women delivered at home had precipitate deliveries. The greater vulnerability of the 
home-delivered group is apparent. 


DIsCUSSION 


The importance of a basic community maternity and newborn program’? upon which 
a community premature program is superimposed cannot be too, greatly emphasized. For 
example, without the basic maternity and newborn program, it is doubtful if the follow- 
ing could have been accomplished as rapidly: (1) the construction of new “premature 
centers” and the training of personnel; (2) the cooperation of 90% of a community’s 
hospitals in the first two years of the Transport Service; (3) the extensive use of the 
Transport Service by private physicians. Furthermore, only knowledge of hospital con- 
ditions at the place of birth, through the basic maternity and newborn program, has en- 
abled the administrators of the program to use the place of birth as one of the factors 
in determination of priority of transport. Obviously, too, a community-wide maternity and 
newborn program is essential in any preventive plan designed to reduce the incidence of 
premature birth. 

This report of the first two years of a Premature Transport Service depicts the results 
of a program which has relied completely upon the voluntary interest and cooperation of 
hospitals and physicians. This interest and cooperation have been most gratifying. When 
the city-wide premature program is fully developed, it is anticipated that there will be a 
need of 18 to 20 premature centers located strategically throughout the City. If all the 
roughly 3,500-4,000 premature infants weighing less than 2,000 gm. born each year in 
the City are to receive the high quality of pediatric and nursing care usually only pro- 
vided in premature centers and if these infants are to be transferred reasonably carly after 
birth, immediate reporting of premature birth must be required, It is anticipated that this 
requirement will be a reality in the future when there is a, sufficient number of cente:s. 

Most authorities are of the opinion that, as well as providing better pediatric and 
nursing care for the prematurely born infant, there must be concomitant improvement in 
the level of obstetric practice in the antepartum and intrapartum periods, if there is to 
be a significant saving of infants’ lives.‘* There is evidence in this report that not all 
known preventive and precautionary measures are being taken at present, as witnessed hy 
the following findings: (1) Not all women in this series received at least some degree 
of antepartum care. (2) Not all women had a serologic test for syphilis, and Rh test. 
(3) Few women in premature labor received vitamin K. (4) Some women in premature 
labor received an analgesic agent, including morphine. (5) Some women received a 
gencral inhalation type of anesthesia during delivery. (6) Not all women with vertex 
presentation were delivered by prophylactic low forceps. Thus, there is need for con- 
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siderable professional and public education so that there may be better understanding of 
the important steps to be taken if the loss of life associated with premature delivery 
is to be cut down. Methods to “glamorize’’ better antepartum and intrapartum care to 
the same extent as ambulances, incubators and premature centers must be found. 

The fact that one out of every two multiparous women in this series had previously 
delivered a premature infant or a fetal death perhaps provides another approach to this 
problem of loss of life and pregnancy wastage. Logical steps would be to provide facilities 
in which studies could be made of the possible factors contributing to prematurity and 
fetal death in such cases and to be more alert to the possibility of and prevention of 
premature labor in those pregnancies which have previously ended in premature labor. Out 
of such studies a more definitive type of preconceptional care will certainly emerge. 

Evidence has already seen that the home in the urban situation currently found in New 
York City is a less safe place for delivery than the hospital, from the viewpoint of 
maternal mortality.'* In this report, there is evidence that this lesser degree of safety in 
home delivery under the conditions found today in New York City is applicable to the 
premature infant. ; 


SUMMARY 


This report has presented some facts about premature infants based on a two year 
experience in the transportation of 1,209 small prematurely born infants to special 
“premature centers” in New York City. The data point the way for further developments 
in a program of care for the premature infant and in the prevention of premature labor. 
The importance of the parallel development of a sound maternity program and a special 
program to care for the prematurely born infant is emphasized. 
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SPANISH ABSTRACT 


Dos Ajfios de Experiencia en el Transporte de Prematuros 
en la Ciudad de New York 


Este articulo describe la experiencia obtenida en la ciudad de Nueva York, al transportar 1209 
nifios prematuros a centros especializados para su atencién, en un lapso que abarcé desde el lo. de 
noviembre de 1948 hasta el 1° de noviembre de 1950. Los datos importantes recogidos fueron: (1) 
las tres cuartas partes de los nifios sobrevivieron en los hospitales después de su transporte; (2) 
anicamente 8.3% de todos los candidatos fueron transportados; en Jos grupos individuales, de 
acuerdo con el peso, hasta un 37% de ellos fueron aceptados; (3) 90% de los hospitales con 
servicios de maternidad y de recién nacidos participaron en el programa; (4) 74% de los nifios 
nacieron en los servicios privados de hospitales; (5) 46% fueron transportados en el primer dia 
de vida; (6) se utiliz6 un promedio de 27 minutos para el transporte; (7) la permanencia en los 
centros especializados fué de 33 dias; (8) el costo promedio por nifio en estos sitios fué de 312.03 
dls.; (9) el costo promedio por viaje de ambulancia fué de 48.62 dls. por nifio. En Ja parte final del 
trabajo se analiza la atencién médica materna tomandola como un reflejo del servicio médico actual 


en la ciudad y haciendo notar la necesidad de mejorar antes y durante el parto los cuidados que 
recibe la madre. 


125 Worth Street 











DUPLICATIONS OF THE ALIMENTARY TRACT 


By RoBERT E. Gross, M.D., GEORGE W. HoLcoms, Jr., M.D., 
AND SIDNEY FARBER, M.D. 
Boston 


UPLICATIONS are spherical or tubular structures which possess a well developed 
smooth muscle layer and are lined with a mucous membrane; they are found at any 
level from tongue to anus and usually are intimately attached to some portion of the 
alimentary tube. From 1928 through 1950, 67 patients with a duplication of some portion 
of the alimentary tract have been seen at Children’s Hospital in Boston. Only 18 cases 
were detected in this institution prior to 1940; since that time 49 patients have been found 
to have this congenital anomaly (one male infant had two separate lesions making a total 
of 68 duplications). Twenty-three of these cases have been reported previously**; for 
the sake of completeness, all of them are included in the present study. 


TERMINOLOGY 


The term ‘‘duplication of the alimentary tract” is preferred by the authors because 
it simplifies the classification of these malformations which are found in such diverse 
locations and which vary so greatly in shape and size. In reviewing the literature one 
finds these anomalies called “‘enterogenous cysts,” “giant diverticula,” “ileum duplex,” 
“thoracic cysts of enteric origin,” “bronchogenic cysts,” “unusual Meckel’s diverticula,” etc. 
Such appellations have been used, believing that each was a separate entity, depending 
upon its location and its physical form. It is now the authors’ belief that all duplications 
have a similar origin, regardless of their location. 

The term “bronchogenic cyst” was probably suggested when pseudostratified columnar 
cells were found lining some of the thoracic duplications. However, such an epithelium 
could persist from cells which line the primitive gut in 9 to 11 week embryos. Referring 
to this lesion as “bronchogenic,” therefore, seems unjustified ; this is especially true when 
one recalls that other bowel structures such as smooth muscle and serosa constitute large 
portions of the cyst walls. A term such as “‘enterogenous cyst’’ implies close association 
with the intestinal tract, but it could hardly include those lesions which lie free on their 
own mesentery and the one (Case 14, Table A) attached to the diaphragm. “Giant diver- 
ticulum” suggests a connection with the bowel lumen, but would be unsuitable for the 
larger group in which no such communication exists. ““Ileum duplex’ and “thoracic cysts 
of enteric origin” describe only the lesions located in those specific regions. ‘Unusual 
Meckel’s diverticulum” denotes embryologic derivation from a Vitelline duct; the dis- 
covery of a duplication and a Meckel’s diverticulum in the same patient as reported by 
Edwards® disproves this theory of origin since there is only one Vitelline duct. Because 
of such specific objections to the more limited terms, it seems preferable to classify all 
these anomalies under the all-inclusive name of “duplications of the alimentary tract.” 


From the Surgical and Pathological Services of The Children’s Hospital and the Departments of 
Surgery and Pathology of the Harvard Medical School, Boston. 
(Received for publication Oct. 5, 1951.) 
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TABLE A 
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DaTA FROM 68 DUPLICATIONS OF ALIMENTARY TRACT 
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i A | - 5 
Case ee | Relevant Figures Type of Mucous Membrane | Treatment Result 
1* _ | Base of tongue 1 cm. in diameter. | Excision Recovered 
Colonic 
2* | 7 wk | Right pleural cavity (mid- | 5 cm. in diameter. Excision Recovered 
| dle) Gastric | 
x =: yr. Right pleural cavity 10 X6 X5 cm. | Excision Recovered 
| Gastric | 
4° | 7 mo. | Right pleural cavity 8X5 X4 cm. | Multiple marsupializations Died 
Gastric 
5 | 22 mo. | Para-esophageal, left 8X5 X4 cm. | Excision Recovered 
| (lower) Pseudo columnar 
| (Fig. 5) | 
6* 3 wk. | Lower esophagus, left 1.5 cm. in diameter. | Marsupialization and curet- | Recovered 
Gastric tage 
7 | 6 wk | Lower esophagus, right 5 cm. in diameter. | Marsupialization and curet- | Recovered 
| th x tage 
7 20 mo Esophagus, right 3X2 X0.5 cm. | Excision Recov ered. 
| (Fig. 6) Pseudo columnar ; 
9 6wk. | Esophageal, with fistulato | 2.52 cm. | Excision of duplication and | Recovered 
| left upper lobe Gastric | left upper lobectomy 
10 54 yr | Lower esophagus, right 12 X8 X8 cm. | Excision Recovered 
Pseudo columnar | 
11° 1 yr | Midesophagus, right | Marsupialization Recovered 
Gastric | 
12 5 wk | Upper esophagus, right 5. 5 X3.5X3 cm. | Excision Recovered 
| Small intestine | 
13 | 1 mo. Lower esophagus, left 6X2.5 cm. | No therapy. Found at au- | Same pa- 
Fig. 4) Colonic topsy tient as #28 
14 34 yr. | Right pleural cavity (at- 5X6 cm. | Excision Recovered 
tached to diaphragm) | 
15* 4h yr | From duodenum, entering | 20 X2.5 cm. | Excision of supradiaphrag- | Recovered 
| R chest Gastric | matic portion 
16* | 4mo ‘From j jejunum, entering R | 27X2.5 cm. | 1 stage complete resection | Recovered 
| chest Small intestinal | and anastomosis of jejunum 
17* 34 mo From jejunum, entering R “302 cm. | Multiple stage removal of Recovered 
chest and into L chest Colon, ileum, pseudo col- | supra-diaphragmatic por- 
umnar | tions 
18* 7 yr. Along stomach Large as stomach. Partial excision and marsu- | Recovered 
_Necrotic mucosa | pialization 
19 3 days Greater curvature of stom- | 4 cm. in diameter. Excision duplication and gas- | Died 
ach Gastric trostomy 
20* 5 wk | Duodenum 4.5X3.5X3.5 cm. Resection; gastrojejunostomy Recovered 
| (Fig. 8) Duodenal 
21 8} yr } “Duodenum 3X4 cm. Window cut into duodenum “Recovered 
Fig. 7) Small intestinal 
22 i}yr | Duodenum 5 cm. in diameter. | Window cut into duodenum | Recovered 
| cece 
23 2 yr. R ‘side of duodenum 2.5X2.5 cm. Excision | Recovered 
| Gastric 
24* 6 mo. ‘| Jejunum | 22X6X6 cm. Mikulicz resection | Died 
Gastric (perforated) 
as° | 2 wk. Jejunum 4 cm. in diameter. Resection and anastomosis Recovered 
| } Jejunal 
26 | 3 days Jejunum 4X3 X3 cm. Resection and anastomosis | Died 
Small intestinal 
27 13 yr. | Jejunum 30 X5-10 cm. Resection and anastomosis Recovered 
| | Gastric 
23° imo. | Jejunum and ileum 65 cm. long. (Perforated) Resection and | Died 


| | (Pig. 10) 





Small intestine 





anastomosis 
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TABLE palcaisaredl 
‘ ns za (2 eh —____— Sasiite ace 
Cas A Locagion of Cis Size of Duplication; Treatment Result 
— aii | Relevant Figures Type of Mucous Membrane | : 
29 | 1 day | Upper ileum " 23 X9 cm. | Resection and anastomosist | Recovered 
| | Pyloric | 
30 | 10} mo. | High ileum | 1.51.5 cm, Reduction intussusception. | Recovered 
| Tleal Resection of duplication 
31 3 yr. | “Upper ileum | 6 cm. in diameter. Excisiont Recovered 
ad } Small intestine 
32 4m Detached from high ‘leum | 52 cm. long. | Anastomosis distal end du- | Recovered 
| Gastric | plication to ileumt 
33* 3 mo. “f Tleum ea 7X4X4 cm. None Died 
| Gastric 
34 iday | Tleum | 5. 5X4. 5X2. 5 cm. Resection and anastomosis Recovered. 
| Necrotic | 
35 9 days Tleum | 3.5X2 cm. Resection and anastomosis Recovered 
| Small intestine 
36* 6 yr. Tleum | 3 cm. diameter Resection and anastomosis | Recovered 
| Tleal 
37* 2 yr. Ileum | 38 cm, X2 cm. Resection and anastomosis — | Died 
(Fig. 9) | Gastric 
38 4 mo. lleum | 1X1 cm. | Resection and anastomosis | Recovered 
| Gastric | | 
39 9 days | Midileum 305 cm. Resection and Mikulicz ileos- | | Recoveredy 
| | | Pyloric and colonic | tomy | 
40 day | Low ileum 44X1 cm. | Excision | Died 
Small intestine 
41° 12 days | Pesaniiad dieum ‘e Scr cm. diameter. Resection and anaatoenosis ail Recovered 
| | Tleal } 
| | 
42* 2 mo lr erminal ileum 2 cm. diameter. "Resection and anastomosis | Recov od 
| Tleal | 
mn : Se = el | nie 
43 2 yr. Terminal ileum | 3. 8X3. 2 cm. | Resection and anastomosis Recovered 
| (Fig. 11) | Gastric | 
44 10 days Lower ileum | 3.52 cm. Resection and Mikuliczilecs- | Recovered 
| Pyloric i | 
45 18 mo. Terminal ileum 3X2X1. 6. cm. | Excision | Recovered 
| Gastric, ileal, colonic | | 
46 3 wk. Terminal ileum 3X1.5 cm. | No therapy. Found at au- | Lied 
| Tleal | topsy | 
47* 19mo. | “Detached from terminal | 15.5 X45 cm. | Excision Recovered 
| ileum Columnar | 
48 3 mo. omg junction 3X2 X2 cm. | Resection and flsocolostomy Recovered 
| (Fig. 1 | Small intestine | 
49 3 days | Tleoc ecal junction | 3 cm. diameter. 3 Mikulicz resection gangren- “Died 
| | Small intestine | | ous ileum and cecumt 
50 1 wk. Ileocecal junction | 5. 5 x. 3 cm. | Resection and leocolostomy Recovered 
| Small intestine 
51 10 mo. | Heocec al junction T 5X4X3.5 cm. Resection and Mikulicz ileo- | Recovered 
| (Fig. 13) (Quadruplication) colostomy 
52 10 mo. | Tleocecal junction | 2.5 cm. diameter. Resection and Mikulicz ileo- | Recovered 
| Low cuboidal colostomy 
53 13 mo. Ileocecal junction | 5X4 cm Reduction intussusception. | Recovered 
| Tleal Resection and ileocolostomy 
54 34 yr. | Tleocecal junction “3X3. 5 cm Resection and ileocolostomy | Recovered 
| Small intestinal 
55 8 mo | Tleocecal junction 6X3.5X3.5 cm. Resection and ileocolostomy | Recovered 
| Columnar epithelium 
56 5 days | Detached from transverse | 3.52.5 cm. Excision Recovered 
colon revue 
57 8 mo Cecum 2 cm. diameter. Reduction intussusception. | Recovered 
| Colonic Resection and ileocolostomy 
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TABLE A—(continued) 








ci | Age | Location of Cyst; | Size of Duplication; | 













































































Relevant Figures | Type of Mucous Membrane Treatment Result 
58* | 3mo. | Cecum | 4cm. diameter. Reduction intussusception. | Died 
| | Colonic Resection and anastomosis 
59 3 wk. Cecum | 5 cm. diameter. Resection and ileocolostomy_ | Recovered 
| | Colonic | < 
60* 2 wk. | Sigmoid 12X10 X8 cm. No therapy. Found at au- Died 
| Ileal and colonic | topsy | 
61 2 yr. | Sigmoid _ 2.5X0.6 cm. | Resection and unashounoels | Recovered 
| Large intestinal | 
62* 6 mo. Posterior to rectum | §X2.5X2.5 cm. | Excision. Rec tum repaired | Recovered 
a Mixed | 
63 1 yr. Posterior to rectum er 4 cm. diameter. | Excision ’ Recovered 
| (Fig. 1 BS : Mucosa ulcerated 
64 2mo._ | Posterior to rectum | 2.4 cm. diameter. “A Excision | “Recovered 
| Intestinal ey 
65 “14 bars | Double !umen rectum. | 5X0. 5 cm. ar No therapy. Found at au- 1 Died 
(Imperforate anus) | Rectal topsy 
_ Fig. 15D) 
66 | 4mo. “Double lumen terminal il- | Terminal ileum | to. rectum ir Clos losure recto-urethral fistula. | Recovered 
| eum, appendix, transverse | Colonic Resection descending colon. 
and descending colon (situs 2 rectal lumina made into 1. 
| transversus) | (3 operations) | 
| (Figs. 15A and 16) | 
= - — EE — a a ———eee — — ee | 
67 | Owk. Double lumen, descending | 155 cm. BY Closure recto-urethral fistula. | Recovered 
colon to anus Colonic | Resection descending colon. 
(Fig. 15B and 17) | 2 rectal lumina made into 1. | 
} | (3 operations) | 
68* 12 yr. Double lumen, colon and | 18 18 X2 cm. | Accessory anal opening | Recovered 
rectum | closed. 2 rectal lumina made 
(Fig. 15C) | | into 1. 
* Cases previously reported from this hospital. 
t Also had Ladd procedure for malrotation. 
EMBRYOLOGY 


Many theories have been advanced to explain the origin of duplications. Edwards® 
believed that they resulted from an attempt at formation of a twin which occurred at such 
a late stage the effect was limited to a segment of bowel. Reversion to earlier phylogenetic 
forms has been considered, following observations that double ceca occur in fowls.” 
Some observers maintain that duplications occur as a result of diverticula formation; 
Lewis and Thyng’ found intestinal outpouchings in a majority of rabbit and pig embryos, 
as well as in several human specimens, of 4 to 8 weeks of age (10 to 30 mm.). However, 
these evaginations occurred most often on the antimesenteric side, whereas duplications 
usually are found along the mesenteric border. The diverticula described by Lewis and 
Thyng normally disappear but occasionally will persist and, if restricted in expansion by 
the muscle layer, will remain submucosal in location; more often, they perforate the 
muscle layers along paths of blood vessels and continue their expansion by pushing the 
serosa outward. The process may become arrested here or it may continue so that a free 
cyst is formed. Thus it is evident that the diverticula under discussion could form a simple 
cyst having only mucosa and serosa, but, according to Bremer,® it is inconceivable that 
one could give rise to a duplication which retains all the elements of a normal bowel 
-wall. 

Bremer® proposes the most plausible theory for the origin of duplications by recalling 
that in the embryo of about six weeks the lumen of portions of the intestinal tract may 
become completely occluded by the rapid proliferation of epithelial cells. Vacuoles begin 
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Fic. 1. Sketch of Johnson’s model of esophagus at 7th wk. Above main lumen is confluent chain 
of vacuoles with 2 orifices. Below main lumen individual vacuoles are seen in thickened epithelium; 
these have not yet coalesced. 


to appear in this cell mass as the intestinal tract grows in length. After these spaces form, 
they coalesce and usually arrange themselves in longitudinal rows parallel to the long 
axis of the bowel. Eventually, all such isolated vacuoles, of whatever size or shape, join 
one another to produce the normal lumen of the intestine. A drawing made from the 
original model by Johnson® (Fig. 1) indicates that persistence of one of these hollow 
spaces can lead to formation of a duplication, Also it is evident how possibly one or more 
connections (or even none) might occur between the bowel and its duplicate, Reference 
to figure 2 reveals diagrammatically how a duplication develops all muscle layers of the 
intestinal tract and may possess a common wall with the bowel or may hang free on its 
own mesentery. It also becomes apparent that a duplication might assume a wide variety 
of shapes and sizes and may be located anywhere along the alimentary tract. 





Fic. 2. Diagram of development of duplication: (a) early stage of alimentary tube; (b) solid 
stage; (c) 2 vacuoles in cell mass; (d) 2 epithelial lumina with conjoined basement membranes; 
(e) conjoined circular muscle layers between hollow structures; (f) same in horizontal position 
which can progress to (g) free duplicate tubes, each with complete intestinal wall and separate 
mésentery. (Redrawn from Bremer, J. L., Arch. Path. 38:132, 1944.) 
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Fic. 3. Sketch illustrating distributions and general shapes of 64 duplications of alimentary tract. 
Figure beside each lesion indicates number of duplications found at that general site. (Four cases 
of double-lumen colon are sketched in Fig. 15.) 





It is difficult to explain the origin of a triplication or a quadruplication by any theory 
except persistence of these vacuoles; a photograph (Fig. 13) of the specimen removed 
from Patient 51 illustrates these unusual findings. 


PATHOLOGY 


The most notable features of duplications are (1) a microscopic structure bearing 
striking resemblance to normal bowel, having mucosa, always one or several muscle layers, 
and often a well defined serosa; (2) each is lined with a mucosa similar to some portion 
of the alimentary tract (unless ulceration or necrosis has occurred); (3) those lesions 
which are contiguous with some portion of the intestinal tract share a common wall in 
which interlacing muscles are found. 


Locations: The sites where the lesions were found in this series of patients are indicated 
in figures 3 and 15 and can be summarized as follows: base of tongue in one; arising 
within the thorax in 13; originating below the diaphragm but projecting into the thorax 
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Fic. 4. Photograph of L pleural cavity taken at postmortem examination. Patient succumbed fol- 
lowing resection of small bowel duplication 65 cm. in length, which had perforated, causing peri- 
tonitis. Esophageal duplication was incidental finding and had not produced symptoms. Note its 
posterior location as lung is held forward, D., L diaphragm. Dup., duplication. L., L lung. 


in three; stomach in two; duodenum in four; jejunum in four; ileum in 20; ileo-cecal area 
in eight; on mesentery from transverse colon in one; cecum in three; sigmoid colon in 
two; posterior to the rectum in three; and double-barrelled lesions of the colon or rectum 
in four. Forty per cent of the lesions have been found along some part of the ileum. 
Excepting one, all lesions attached to the small intestine were found along its mesenteric 
border. Of the para-esophageal duplications, nine were located on the right side and four 
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Fic. 5. Left: AP RG of large, L esophageal duplication. Heart is displaced to patient's right, and 
barium-filled esophagus has indentation on its L side. Right: Lateral view of patient showing dis- 
placement of trachea anteriorly by mass (outlined by arrows) which lies close to spine. 
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Fic. 6. Left: RG from child with small, right, esophageal duplication (outlined by arrows). 


Right: Same patient following barium swallow, showing filling defect produced by para-esophageal 
mass. 


on the left. Multiple duplications were found in only one patient (Specimens 13 and 28, 
Table A), who was operated upon for a duplication of the ileum and at postmortem 
examination was found to have also an esophageal lesion (Fig. 4). 

Variations in Shape: Duplications assume various shapes; however, most of them will 
fall into one of the four following groups: (1) a tubular structure which branches out 
from the intestine and extends for some distance between the mesenteric leaves (Fig. 9) 
or proceeds into the thoracic cavity; (2) a double-barrelled structure, communicating with 
the intestinal lumen at one or both ends (Fig. 10) ; (3) a cystic structure, lying free in 
the peritoneal cavity, attached only by a thin mesenteric stalk (this is rare); and (4) 
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FiG. 7. Drawing of usual location and form of duodenal duplications. (In only 1 patient was 
cystic structure on outer curve of duodenum.) 
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Fic. 8. Photomicrograph of common wall between duodenum and duplication. Duodenal mucosa 
is on left and duplication lining is on right. Interlacing muscle fibers firmly unite these 2 structures. 


most common of all, a spherical lesion, contiguous with some part of the bowel, par- 
ticularly along the ileum (Figs. 5, 7, 11, 13). 

At the operating table spherical lesions are recognized quite readily; but occasionally 
a long tubular duplication may be so incorporated in the intestinal or colonic wall that 
no abnormality is suspected. Such was the case in Patients 66 and 67 in whom the true 
nature of the lesion was manifested only after the sigmoid loop had been exteriorized 
(for a colostomy) and opened, revealing four lumina. The surgeon in both instances was 
not aware that this anomaly existed even though he had palpated the duplicated sigmoid 
during operation. In some of the long, tubular specimens, one sees a slight furrow between 
the anomaly and the contiguous gut (Fig. 10). 

Variations in Size: Rounded duplications vary in diameter from 1 to 10 cm. or more. 
The tubular structures have been found as long as 65 cm. 

Communications with Alimentary Tract: A communication was discovered between 
the duplication and alimentary tract lumen in only 13 instances, or 19%. Of the 13 
thoracic lesions (not counting the three which arose from and communicated with the 
duodenum or jejunum), only one had an opening into the esophagus. 

Differentiation from Mesenteric Cysts: Duplications found in the mesenteric leaves can 
be distinguished from mesenteric cysts without much difficulty. Simple lymphatic cysts are 
thin-walled and are usually flabby and loosely adherent to any surrounding structures, so 
that they can be peeled away rather easily ; they are lined by flattened endothelial cells and 
the remaining portion of the wall is but a thin layer of fibrous connective tissue. In 
contrast, duplications almost invariably have walls about as thick as the adjacent bowel and 





<a nS NOR ONEN AA OY POO NESEY EONS I SEES | AM AI INTE 





R. E. GROSS, G. W. HOLCOMB, JR., AND S. FARBER 


Fic. 9. Photograph of long single-lumened duplication which branched off from ileum, then 
coursed in between mesenteric leaves for short distance and ended blindly, with its distal tip un- 
attached. Observe close similarity of this extra tube to normal small intestine. 


microscopically there are various layers resembling the structure of esophagus, stomach, 
intestine, colon, etc. 

Microscopic Appearance: The mucosal pattern of a duplication does not necessarily 
correspond to that of the adjacent alimentary tube. For instance, one tongue lesion and one 
esophageal duplication were lined with colonic mucosa, while gastric epithelium was 
found partially lining a rectal specimen and occasionally 2 or 3 different types of mucosa 
were observed in a single specimen. A few para-esophageal duplications have been lined 
with pseudostratified columnar epithelium but only one was ciliated. In some instances the 
epithelium is compressed to low cuboidal form, presumably from high intraluminal pres- 
sure of the entrapped fluid. Occasionally, a muscularis mucosa is common to both dupli- 
cation and intestine; in many instances circular or longitudinal muscles are fused together. 
The mucosa may be denuded by acid juices which are present in some of the lesions. 
Whenever there has been gastric-like juice in the cyst, the wall is apt to be intensely in- 
flamed from the sterile reaction. 

Type Fluid: If there is a communication to the bowel, the contents of the duplication 
will, of course, resemble the material normally found in that particular segment of bowel. 
If no communication has existed, the fluid found in a duplication is usually clear, colorless 
and often mucoid. In many instances where a gastric lining is found, the cyst fluid is 
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TABLE B 


ANOMALIES ASSOCIATED WITH DUPLICATIONS OF ALIMENTARY TRACT 








; ; No. Cases 
Associated Abnormality Observed 





Esophageal atresia 

Situs inversus 

Mongolism 

Biliary atresia 

Double gall bladder 

Atresia of ileum 

Omphalocele and exstrophy of bladder 
Malrotation of intestine 

Double uterus 

Imperforate anus 
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hemorrhagic, or is murky in color. Dark-colored fluid was also noted in several instances 
where gastric mucosa was not present; it probably resulted from destruction of the mucosa 
by great intra-luminal pressure. 

Associated Anomalies: Surgeons always should be conscious of the fact that when one 
congenital anomaly exists others might be present also. This is well illustrated by this 
group of 67 patients in whom 21 associated congenital defects were noted (Table B). 





Fic. 10. Photograph of long duplication and its adjacent jejunum and ileum illustrating that 
occasionally it is possible to observe definite furrow at junction of congenital anomaly and normal 
bowel. Small intestine is structure having nearly same diameter throughout and hemostat clamped 


across one end. Arrow indicates site of perforation; transverse septum dividing duplication into 2 
compartments was found just above this rent. 
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Fic. 11. Typical, small, spherical duplication found along terminal ileum. On left is internal 
view of duplication cut in cross section, while contiguous bowel is opened longitudinally. Note 
how impossible it would be to excise lesion without leaving defect in ileal wall. On right is external 
view of same lesion. 


CLINICAL FEATURES 


Age and Sex: In this series of patients 54% were males and 46% females. Their ages 
ranged from one day to 13 years. Fifty-one per cent of the children were younger than 
five months; half this group were less than one month. Only eight patients were over two 
years of age. This condition usually manifests itself early in life; however, Slomovitz 
et al.1° reported a duplication of the ileum in a 55 year old man. Similarly, Loeffler and 
McDavid" observed an accessory colon in a 35 year old woman which measured 238 cm. 
in length. The fact that this latter lesion paralleled the colon and communicated with its 
lumen both proximally and distally explains the absence of symptoms in earlier life. 

Symptoms and Physical Findings: In general, the most prominent symptoms are related 
to: (1) Obstruction—caused by intussusception or by a gradual expansion of the duplica- 
tion and compression of the adjacent bowel; (2) Pain—from overdistention of the dupli- 
cation or from an inflammatory reaction in neighboring viscera (when a duplication pro- 
duces acid and proteolytic enzymes) ; (3) Gastrointestinal hemorrhage—from ulceration 
of the nearby intestinal tube. Bleeding can be attributed to erosion from gastric-like juices 
or it can come from interference with the vascular supply of the bowel when an expanding 
lesion lies within the mesenteric leaves. 

Symptoms and physical findings vary greatly with the location of the duplications, hence 
it seems worth while to group patients accordingly and list their presenting complaints 
and findings. 

Oral and Thoracic Cavities: An ‘anomaly at the base of the tongue caused difficulty in 
swallowing and was easily palpable. There were 13 para-esophageal or pleural cavity dupli- 
cations producing in some instances classical symptoms and physical findings of expanding 
intrathoracic lesions. Mild expiratory grunt, nonproductive cough, atelectasis, pneumonia 
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Fic. 12. RG of child with intestinal obstruction, subsequently found to be caused 
by duplication at ileocecal valve. 





Fic. 13. Duplication at ileocecal junction which was completely excised along with cecum and short 
portions of terminal ileum and ascending colon. Smaller knob-like structures attached to tip of 
duplication proved to be 2 more duplicates, each having its own independent muscle and mucosal 
layers. Note how intimately duplication is fused with normal bowel. A., Appendix. A.C., ascending 
colon. Du., duplication. T.I., terminal ileum. T., triplication. Q., quadruplication. 

Fic. 14. Lateral RG, with barium enema, showing marked anterior displacement of rectum by 
mass which proved to be duplication. 
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Fic. 15. Sketches of 4 double-barreled lesions of large bowel. In each, free communication existed 
proximally between normal colon and extra tube. In each, symptoms were caused by anomaly which 
existed at lower end of duplication. A. Patient had situs inversus, double terminal ileum, appendix, 
and entire colon. There was fistula from one rectal pouch (which was otherwise blind) to urethra. 
B. Recto-urethral fistula in patient with double large intestine extending from splenic flexure almost 


to anus. C. Extra rectal orifice discharging feces was discovered anterior to normal anus. D. Both 
duplication and normal rectum ended as imperforate structures. 


and dysphagia were prominent features of several patients in this group. In four instances 
there- were no related symptoms; the anomalies were discovered during routine chest 
roentgenographic examinations. Hematemesis and hemoptysis were the major complaints 
of Patient 9 (Table A) who had an esophageal duplication lined with gastric mucosa ; the 
regional inflammatory reaction was so intense that there was erosion into the left upper 
lobe producing a bronchial fistula. It was necessary to perform a lobectomy along with 
excision of the duplication to effect a cure. 

Thoracic Duplications Arising Below the Diaphragm: Three lesions (Cases 15, 16 and 
17) are of special interest in that they arose from the duodenum or jejunum and entered 
the thoracic cavity. Coursing posteriorly and superiorly, they penetrated the posterior 
portion of the diaphragm and extended retropleurally, almost to the apex of either the 
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right or left pleural cavity. The abdominal portions resembled normal intestine but after 
entering the thorax all three assumed different forms and their diameters increased. In 
general, the symptoms in these three patients resulted from: (1) accumulation of gas and 
fluid within the thoracic segment of the duplication, giving cardio-respiratory distress ; 
(2) secretion of hydrochloric acid and pepsin by gastric mucosa resulting in ulceration 
and gastrointestinal hemorrhage of almost exsanguinating degree; (3) production of 
intense reaction in the wall of the duplication and surrounding viscera by acid juices to 
such an extent that there was chest pain. Pertinent physical findings were limited to the 
chest where occasional peristaltic gurgles or coarse rales were audible. With the larger 
lesions, diminished breath sounds and dullness to percussion were found. 

Stomach: One of these patients with a duplication of the stomach complained of epi- 
gastric fullness and pain but there was no evidence of obstruction, in spite of its enormous 
size. The other, an infant, had an esophageal atresia with a tracheoesophageal fistula and 
experienced no symptoms referable to the small stomach lesion, which was discovered and 
removed at the time a temporary gastrostomy was being performed. 

Small Intestine: Symptoms and signs of intestinal obstruction, usually incomplete and 
also intermittent, were prominent features of several lesions located along the duodenum, 
jejunum and ileum. Obstruction just beyond the pylorus can arise from those duplications 
which are duodenal in origin. Two of our duodenal duplications had been marsupialized 
previously in other hospitals; both patients complained that vomiting and pain occurred 
if the mucus was not evacuated daily. One of the lesions had been marsupialized for eight 
years and the other one for five months, but neither showed tendency toward healing. The 
small spherical anomalies of the ileum, by gradually encroaching upon the intestinal 
lumen, produce obstruction and give vomiting, colicky pain, abdominal distention, hyper 


Fic. 16. Barium-enema RG from patient 
with complete situs inversus, double terminal 
ileum and double colon. 

Fic. 17. Barium enema revealing double- 
barreled duplication involving entire descending 
and sigmoid colon. 
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peristalsis, and at times melena. Obstruction occurs frequently at the ileocecal valve when 
a cystic lesion—even small—compresses the terminal ileum or the valve. Two duplications 
in this area served as leading points for intussusceptions. A duplication of the ileum was 
discovered accidentally in four instances while performing an operation for some other 
condition. When duplications take a spherical form they can usually be felt through the 
abdominal wall, but those which are tubular and elongated defy such detection. 

Large Intestine: Duplications of the cecum gave rise to intussusception in two instances 
and severe gastrointestinal hemorrhage with anemia in another. The lesion found hanging 
from the transverse mesocolon produced no symptoms. There were four patients in whom 
double-barrelled tubular duplications occurred in the rectum or colon; in one of these 
there was an extension of this up along the terminal ileum. In each instance the extra 
lumen carried a fecal stream and the anomalous arrangement at the distal end of the dupli- 
cation produced the symptoms which brought the patient to the hospital. In one, a female 
child, there was an accessory, anterior, perineal opening and feces extruded from both 
orifices. In another, the accessory lumen and the rectum itself both ended blindly several 
centimeters above the perineal skin. In the other two, both males, the extra colonic tube 
communicated with the posterior urethra, discharging feces into the latter. 

Rectum: Three rectal duplications produced constipation and abdominal distention by 
pushing the rectum forward and obstructing it. Bloody stools had been observed in two of 
these patients. In each of the three cases a prominent mass was easily palpated by rectal 
examination. 

ROENTGENOLOGIC EXAMINATION 


The first approach to a roentgenologic examination of the chest or abdomen should 
include plain films in the horizontal, upright, and lateral views. If this routine is followed, 
often one is rewarded with all the information necessary to arrive at a diagnosis without 
the necessity of using a contrast medium. 

Duplications Arising Within the Thorax: Even though sufficient information for 
making an exact diagnosis may be lacking on plain films of the chest, it is usually possible 
to gain some idea of the general size and location of the mass. These lesions are located 
retropleurally and are close to the spine ; they therefore must be differentiated from ganglio- 
neuromas, neuroblastomas, neurofibromas and anterior meningoceles. If they are large, the 
heart and mediastinal structures are likely to be shifted toward the opposite side (Fig. 5). 
With barium in the esophagus, it is usually shown to be indented by the mass (Fig. 6). 
Only one of the lesions arising in the thorax had a communication with the esophagus ; 
chest films failed to reveal air in the duplication. There may be intense inflammatory 
changes in the adjacent lung, or even in the contiguous part of the spine, when the dupli- 
cation produces hydrochloric acid and enzymes which set up a regional, sterile reaction. 

Thoracic Duplications Which Originate Below the Diaphragm: In each instance where 
a duplication was found to lie mostly within the thorax, but arose from within the ab- 
domen, a communication existed with the bowel lumen. This permitted air and fluids to 
move up into the thoracic part of the duplication and these were evident upon fluoroscopic 
examination of the patients. When such a duplicated structure is coiled upon itself in the 
chest, the picture can easily be confused with that of a diaphragmatic hernia or, as in 
Case 17, actually a hernia might co-exist. ; 

Stomach: When the seven year old girl with a stomach duplication was given a barium 
meal, she was found to have a large smooth indentation along the greater curvature and 
a barium enema showed the transverse colon displaced downward. 

Small Intestine: Duodenal lesions produce partial obstruction, with dilatation of the 
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first part of the duodenum, compression of the second part, and delay in the passage of 
barium. With lesions located beyond the ligament of Treitz plain films of the abdomen, 
taken in appropriate views, often gave evidence of intestinal obstruction (Fig. 12). A 
duplication itself will be visualized on films only if quite large. It is rare to have barium 
enter the lumen of a duplication so that it can be identified, but this occurred in one of 
the jejunal lesions. 

Large Intestine: Barium injected via an exteriorized sigmoid loop of bowel in two 
patients revealed the double lumens pictured in figures 16 and 17. 

Rectum: A duplication lying posterior to the rectum must be differentiated from an 
anterior meningocele. The latter is suggested if films reveal a bony defect in the sacrum. 
A barium enema will be of assistance in identifying the most cephalad extension of the 
mass (Fig. 14). Sacrococcygeal teratomas similarly may push the rectum forward but this 
condition is usually accompanied by an external mass. 


TREATMENT 


All patients with duplications should be operated upon as soon as it is feasible. The 
operative procedure of choice varies according to the location of the lesion and the cir- 
cumstances attending it. Nevertheless, two points should be borne in mind, both of which 
stress the importance of the surgeon’s being thorough'y familiar with the pathology in- 
volved. First, it must be recognized that when a duplication is in contact with bowel wall 
there is seldom a line of cleavage between the two structures. Second, since these mal- 
formations (when appearing in relation to the small intestine) almost always lie on the 
mesenteric side of the jejunum or ileum, arteries and veins must course over their surfaces 
to supply the adjacent bowel. 

While some duplications have been treated successfully in the past by marsupialization, 
the authors now believe that such a procedure is completely archaic and should never be 
employed. Whenever possible, an attempt should always be made to remove a cystic 
lesion in its entirety—a goal which can almost always be attained; only in rare instances 
does this objective have to be changed. Because the technical problems vary so widely 
from location to location, it is well to consider individually the duplications occurring at 
different levels. 

Duplications Arising Within the Thorax: Formerly, these lesions were often treated 
by marsupialization, followed by attempts to destroy the mucosa by curettage, injection 
of caustic fluids, or by packing the cavity with gauze. Usually, it was necessary to repeat 
these destructive efforts on many occasions ; this was a time-consuming, costly, and inefficient 
method of accomplishing the task, and furthermore it often led to considerable deformity 
of the chest wall and extensive fibrosis on one side of the thoracic cage. These multiple- 
stage procedures now have been abandoned in favor of a transpleural, complete excision 
of the lesion at one sitting. With care, a cyst can always be peeled away from the esoph- 
agus without serious injury to the latter; even if the esophagus is entered inadvertently it 
can still be repaired by appropriate suture and then covering the area with a flap of pleura. 

Thoracic Duplications Arising Below the Diaphragm: The extent of the surgical 
undertaking depends upon the symptoms which have been present and the type of mem- 
brane which lines the duplication. When the complaints have been related entirely to dis- 
tention of the intrathoracic portion of the anomaly and the lining is intestinal or colonic 
in type, it seems wise to remove only that segment which lies above the diaphragm (Cases 
15 and 17, Table A). In contrast, if the symptoms have been those of hemorrhage 
and the lining is gastric in type, it is highly important to remove all the duplication. 
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including the infradiaphragmatic portion. Case 16, Table A, illustrates this point and 
fortunately it was possible to resect the abdominal and thoracic segments in one procedure, 
performing an end-to-end anastomosis of the jejunum. 

Gastric Duplication: Treatment of large lesions associated with the stomach presents 
a difficult problem. One hesitates to perform a radical resection with esophago-jejunostomy 
in view of the accumulating evidence of marked nutritional disturbance which can follow 
this operation, particularly in childhood. Theoretically, it should be possible to excise the 
common wall between the two cavities, creating one large pouch. Probably the best method 
of therapy is excision of as much of the duplication as possible, and from any portion 
which remains to cut away the residual mucous membrane. The smaller lesions, especially 
those attached to the greater curvature, usually can be excised completely (Case 19, 
Table A). 

Small Intestine Lesions: Duplications of the duodenum may be resected along with the 
first portion of the duodenum, followed by a posterior gastrojejunostomy as in Case 20, 
Table A; while successful in this patient, the authors do not now believe that such ex- 
tensive surgery is necessary or justifiable. It is completely adequate to employ the method 
advocated by Gardner and Hart’® (of removing a portion of the wall which lies toward 
the duodenum, creating a large opening between the two cavities). This orifice should be 
almost as long as the fused wall, to insure free exchange of succus entericus between the 
two structures at all times. 

When confronted with duplications of the jejunum, ileum or certain portions of the 
colon, the ideal therapy in most instances is to remove the lesion, along with the con- 
tiguous intestine or colon, and reconstruct the alimentary tract by suitable anastomosis. 
Under some circumstances it is wiser and safer to avoid immediate union of the remaining 
intestinal ends and to exteriorize them in a Mikulicz fashion, subsequently crushing down 
the spur between the two loops. 

Colon or Rectal Cysts: Right colectomy, followed by ileocolostomy, should be per- 
formed for lesions arising at the ileocecal valve or in the cecal wall. 

For the three lesions posterior to the rectum, it was possible in all to perform an ex- 
cision by making a curvilinear incision behind the anus, carrying the dissection upward in 
front of the sacrum until the mass was exposed. Two of the cysts could now be peeled 
away from the rectum without entering the latter, but in the third case the rectum was 
entered ; it was repaired by infolding sutures and healed per primam. 

Double-lumened Colon or Rectum: The authors’ experience with four of these (Cases 
65-68) indicates that it is not necessary to excise the entire lesion. Fecal streams can ap- 
parently be carried along both lumina with facility. It is necessary to attack only the lower 
end of the anomaly, which is the part which gives rise to symptoms. In Case 65 there was 
an imperforate anus which could have been repaired. In Case 68 the accessory rectal lumen 
opened externally through an additional anus anterior to the normal one; the two rectal 
lumina were made into a single cavity and the extra anus was closed. In Cases 66 and 67 
the symptoms were related to discharge of fecal material from one rectal lumen into the 
posterior urethra; in each case the recto-urethral fistula was closed and the two rectal 
lumina were transformed into one cavity. 

Results of Therapy: The increasing awareness of the problems presented by such 
anomalies, the application of newer concepts of chemotherapy and fluid and electrolyte 
balance, and the improvements in technics of intestinal surgery and anesthesia have all 
aided in substantially reducing the mortality rates for these patients. From 1928 through 
1939, fatalities occurred in 27% of the authors’ cases; in the next seven years this de- 
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creased to 18%. Since 1946 the figure has fallen to zero; in this last group were 20 
patients, several of whom were extremely ill before coming to surgery. 


CONCLUSIONS AND SUMMARY 


The term “duplication” should be used when describing those spherical or tubular 
structures found along the alimentary tract whose walls contain well-developed muscular 
layers and whose lining is a mucosa similar to that of some part of the alimentary tract. 
They should not be confused with mesenteric lymphatic cysts, or anomalies arising from 
a Meckel’s diverticulum. 

Symptoms produced by these lesions usually vary according to their location, their size, 
and the type of fluid secreted by their mucosa. 

Duplications should almost invariably be removed, even though they are incidentally 
discovered and have not as yet given rise to symptoms. The pitfalls met with surgical 
treatment of these lesions are discussed. In this series, cases treated prior to 1940 carried 
fatality rates which were quite high; in the 20 cases treated in the last four years there 
have been no deaths. 

Sixty-eight examples of duplications from one institution are briefly listed; 45 of these 
have not appeared in the literature before. This amount of material coming from one hos- 
pital would seem to indicate that these abnormalities must occur with sufficient frequency 
to warrant the attention of pediatrician, roentgenologist, and surgeon so that they can be 
recognized promptly and treated suitably. 


REFERENCES 
1. Gross, R. E., Neuhauser, E. B. D., and Longino, L. A., Thoracic diverticula which originate 
from intestine, Ann. Surg. 131:363, 1950. 
Hudson, W. H., Jr., Giant diverticula or reduplications of intestinal tract, New England J. Med. 
213:1123, 1935. 
3. Ladd, W. E., and Chisholm, T. C., Double uterus, vagina and rectum, Am. J. Dis. Child. 66:629, 
1943. 
. Ladd, W. E., and Gross, R. E., Abdominal Surgery of Infancy and Childhood, Philadelphia, 
W. B. Saunders Company, 1941, vol. 1, p. 83. 
5. Ladd, W. E., and Scott, H. W., Jr., Esophageal duplications or mediastinal cysts of enteric origin, 
Surgery 16:815, 1944. 
Edwards, H., Congenital diverticula of intestine with report of case exhibiting heterotopia, Brit. 
J. Surg. 17:7, 1929. 
. Lewis, F. T., and Thyng, F. W., Regular occurrence of intestinal diverticula in embryos of pig, 
rabbit and man, Am. J. Anat. 7:505, 1908. 
8. Bremer, J. L., Diverticula and duplications of intestinal tract, Arch. Path. 38:132, 1944. 
9. Johnson, F. P., Development of mucous membrane of esophagus, stomach and small intestine 
in human embryo, Am. J. Anat. 10:521, 1910. 
10. Slomovitz, Z., Cash, I. I., and Enzer, N., Duplication of ileum, Gastroenterology 11:528, 1948. 
11. Loeffler, L., and McDavid, J. T., Personal communication to the authors. 


12. Gardner, C. E., Jr., and Hart, D., Enterogenous cysts of duodenum: Report of case and review 
of literature, J.A.M.A. 104:1809, 1935. 


2: 


6. 


o 


SPANISH ABSTRACT 
Duplicaciones del Tracto Digestivo 


Las duplicaciones del tracto digestivo son estructuras esféricas o tubulares que poseen una capa 
bien desarrollada de misculo liso, recubierta por una membrana mucosa; se encuentran en todos los 
sitios desde la lengua al ano y estén generalmente unidas en forma intima a cualquier porcién del 
tracto digestivo. Desde 1928 hasta 1950 hay registrados en el Hospital de Nifios de Boston 67 
enfermos con este padecimiento. Antes de 1940 solo habia 18 casos, pero a partir de esta fecha se 
descubrieron 49 pacientes mas. De esta serie 45 enfermos no han aparecido en ninguna publicacién previa. 








468 R. E. GROSS, G. W. HOLCOMB, JR., AND S. FARBER 


Se utiliza el término de duplicacién del tracto digestivo por que simplifica la clasificacién de 
dichas malformaciones. Es nuestra opinién que todas estas duplicaciones tienen un origen similar 
cualquiera que sea su localizaci6n. 

Resumiendo las diversas localizaciones encontradas hubo: en la base de la lengua 1, con punto de 
partida y localizacién toracica 13; originandose por abajo del diafragma pero proyectandose en el 
térax, 3; est6mago, 2; duodeno, 4; yeyuno, 4; ileo, 20; area ileocecal, 8; colon transverso, 1; ciego, 
3; sigmoides, 2; recto, 3; y lesiones cilindricas dobles del colon o del recto en 4. Solamente en un 
paciente se encontraron duplicaciones multiples. 

Las duplicaciones asumen diversas formas, pero en Ja mayoria pueden incluirse en uno de los 
cuatro grupos siguientes: (1) tubular, partiendo del intestino y extendiéndose por alguna distancia 
entre las hojas mesentéricas; (2) cilindricas dobles, (3) quisticas, que permanecen libres en la cavidad 
peritoneal, sujetas solo por una porcién delgada del mesenterio (anomalia rara) ; y la mas comin de 
todas que es la duplicacién de forma esférica y que aparece contigua a una porcién del intestino 
especialmente al ileo. El tamafio varia en el caso de las duplicaciones esféricas de 1 a 10 6 mas 
centimetros. Las tubulares pueden tener hasta 65 centimetros. 

Se encontré que existia comunicacién entre la duplicacién y el lumen del tubo digestivo solamente 
en 13 ocasiones o sea el 19%. Cuando no existe comunicacién el liquido que se encuentra en la 
duplicaci6én es generalmente incoloro, transparente y a menudo mucoso. 

El 54% de los enfermos en esta serie fueron hombres y el 46% mujeres. Sus edades variaron 
desde un dia a 13 afios. El 51% eran menores de 5 meses y solo 8 enfermos fueron mayores de 2 afios. 

Los sintomas mas prominentes estan en relacién con: (1) obstruccién, causadas por invaginacién 
o por la expansién gradual de la duplicacién con compresién del intestino adyacente; (2) dolor, por 
sobre distensién de la duplicacién o por reaccién inflamatoria de las visceras vecinas; (3) hemorragia 
gastrointestinal por ulceracién del intestino o por interferencia con la circulacién de éste. 

Los sintomas y los datos de exploracién fisica variaron con la localizacién de las duplicaciones. En 
las cavidades oral y tordcica hubo: dificultad para la deglucién en una anomalia en la base de la 
lengua. Estridor espiratorio leve, tos no productiva, atelectasia, neumonia y disfagia en las dupli- 
caciones para-esofagicas o de la cavidad pleural. En 4 enfermos no habia sintomas siendo descubiertas 
las anomalias por ex4menes de rutina a los Rayos X. En un paciente hubo hematemesis y hemoptisis. 
En las duplicaciones toracicas con punto de partida abajo del diafragma hubo trastornos cardio- 
respiratorios, hemorragia gastro-intestinal y dolor toracico. Ocasionalmente se escucharon borborigmos 
o estertores gruesos asi como disminucién del murmullo vesicular y a la percusién, matidez. En las 
duplicaciones de est6mago ep un paciente no hubo sintomas y en el otro se presenté dolor epigastrico 
y sensacién de plenitud. En el intestino delgado existieron sintomas y signos de obstruccién intestinal 
generalmente incompleta e intermitente. En el intestino grueso la duplicacién dié lugar a invagina- 
cién o a hemorragia gastrointestinal severa. En los casos en que hubo duplicaciones cilindricas dobles 
en el recto o en el colon, el lumen contenia materia fecal y la desembocadura anémala de la porcién 
distal motivé la consulta. Las duplicaciones rectales originaron estrefimiento y distensién abdominal; 
observandose evacuaciones con sangre en 2 enfermos. El tacto rectal permitiéd palpar facilmente la 
tumoraci6n. 

El examen radiolégico debe incluir placas simples en posicién horizontal, vertical y laterales. 
Cuando se observan a la fluoroscopia las duplicaciones toracicas originadas por abajo del diafragma 
es posible evidenciar aire y liquido en la porcién intratoracica. La duplicacién de estémago mostré 
después de la comida baritada una depresién a lo largo de la curvatura mayor y con el enema baritado 
se aprecié desalojamiento del colon. El estudio radiolégico en el caso de lesiones de intestino delgado 
revela signos de obstruccién parcial. 

Todos los pacientes con duplicacién deben operarse tan pronto como sea posible. El procedimiento 
operatorio varia de acuerdo con la localizacién de la lesién y con otras circunstancias relacionadas con 
ella. Siempre que sea posible debe tratarse de eliminarla en su totalidad y solo en raras ocasiones 
tendra que modificarse este objetivo. 

_La mortalidad fué desde 1928 hasta 1939 de 27%; en los siguientes 7 afios disminuyé a 18%; 
desde 1946 ha sido nula. 

Por el nimero de enfermos presentados en esta publicacién puede suponerse que dichas anomalias 
ocurren con la suficiente frecuencia como para garantizar ‘la atencién del pediatra, radidlogo y 
cirujano en tal forma que puedan ser identificadas prontamente y tratadas en forma adecuada. 


300 Longwood Avenue 











STUDIES ON ABNORMAL HEMOGLOBINS 


IV. Persistence of Fetal Hemoglobin in the 
Erythrocytes of Normal Children 


By Amoz. I. CHERNOFF, M.D.,* AND Kari SINGER, M.D. 
Chicago 


ON KORBER! in 1866 and von Kriiger? in 1887 demonstrated that hemoglobin 

solutions prepared from human placental blood exhibit a much greater resistance 
to denaturation with alkaline reagents than do specimens obtained from erythrocytes 
of normal adults. These observations have been repeatedly confirmed.*-!? The hemoglobin 
of the newborn infant consists largely of fetal pigment (type F hemoglobin'*) although 
a variable amount of the adult compound (type N) is always present.** The time réquired 
for the complete disappearance of the embryonic hemoglobin from the circulation has 
been reported to vary from 4 to 7 months after birth.* 519 11,15 

Recent investigations’* 1° in this laboratory furnished evidence that an alkali-resistant 
hemoglobin fraction is regularly encountered—irrespective of the age of the patient—in 
sickle cell anemia, and in the more fully developed syndrome of Mediterranean anemia. 
Irregularly, it may be found in hereditary spherocytosis and in some acquired hematologic 
disorders (acute and chronic leukemia, myelophthisic anemia, chronic aregenerative 
anemia). The hypothesis was advanced that this resistant hemoglobin fraction in the 
hereditary hemolytic syndromes may represent a continued production of the fetal pig- 
ment beyond the age during which it is physiologically present and that the appearance 
of the abnormal pigment in the “acquired” conditions may indicate a re-activation of 
such a mechanism. 

Since the method for the detection of alkali-resistant hemoglobins employed in these 
studies'® appears to be much more sensitive than the technics previously used, it was 
considered necessary to reinvestigate the problem of the time at which fetal pigment 
disappears from the circulation, under physiologic conditions, particularly since the 
demonstration of F hemoglobin at an age when it is no longer normally produced may 
suggest hematologic pathology of a more or less serious nature. The present communica- 
tion deals with systematic determinations of the amounts of alkali-resistant pigment in 
200 blood specimens collected at random from normal children varying in age from 
birth to six years. 

MATERIAL AND METHODS 


Twenty-eight cord blood specimens, taken immediately after delivery, and 172 samples from 
children up to the age of 6 yr. were tested. The samples were selected at random, except for omis- 
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TABLE 1 


No. oF SPECIMENS EXAMINED AT DIFFERENT AGE GROUPS 





No. of specimens 





Age No. of specimens having F 
(mo.) examined : 
hemoglobin 

Cord blood 28 28 
birth—3 11 11 
4-6 11 10 
7-12 25 19 
13-18 32 15 
19-24 7 2 
25-30 15 6 
31-36 a 1 
37-48 26 3 
49-60 23 1 
61-72 17 0 





sion of patients afflicted with disorders known to be associated with alkali-resistant hemoglobin 
fractions.” The age distribution of the children is given in table 1. 

The technic of alkali denaturation used for the demonstration of F hemoglobin has been described 
in detail in previous publications of this series.’* Briefly, an approximate 10% hemoglobin solu- 
tion is prepared from fresh oxalated or clotted blood, employing distilled water and toluene as 
hemolytic agents. 0.1 cc. of this hemoglobin solution is exposed to 1.6 cc. of N/12 NaOH. After 
the mixture has reacted for exactly 1 min. at 20° C., 3.4 cc. of a reagent which simultaneously pre- 
cipitates the denatured chromogens and stops the reaction is introduced. The latter reagent is pre- 
pared by adding 1 cc. 10 N HCl to 400 cc. half saturated (NHs)2SO;. The final mixture is im- 
mediately filtered and the hemoglobin concentration of the filtrate determined photometrically. The 
percentage of undenatured hemoglobin is then calculated and is referred to as the “One Minute 
Denaturation Value.” 

In a study of blood specimens from over 400 hematologically normal adult individuals," one 
minute denaturation values of from 0.5 to 1.7% have been found. Values of over 2% have been 
shown to be highly significant statistically,’ and for the purpose of this report, any figure above this 
level was considered to indicate the presence of an alkali-resistant hemoglobin. Since none of the 
patients examined showed evidence of any of the diseases associated with pathologic presence of 
alkali-resistant pigments,” such a finding was interpreted to be due to the fetal compound. 


RESULTS AND DISCUSSION 


The results of this investigation are plotted in chart 1. As can be seen from the scatter- 
gram, cord blood specimens contain from approximately 50 to 85% fetal hemoglobin. 
During the first three months of life, all the 11 infants examined (table 1) showed the 
fetal compound in amounts varying from 10.7 to 77.5% of their total hemoglobin. In the 
4 to 6 months age group, 10 out of 11 specimens revealed quantities of F pigment from 
3.3 to 19.0%, while during the second half of the first year of life, 19 out of 25 children 
still had from 2.7 to 27.1% of the embryonic pigment, the remainder revealing the 
presence of normal adult hemoglobin only. In the 1 to 2 years age group, about half the 
children (20 out of 39) persisted in their production of F hemoglobin, usually in amounts 
of 5% or less, but in two girls, being 124 and 15 months old, one minute denaturation 
values of 20.2% and 15.7%, respectively, were demonstrable. In the 2 to 3 years age 
group 7 out of 20 individuals showed F hemoglobin in their red cells with a maximum 
value of 3.5%, all but one being under 30 months of age. From 3 to 5 years of age, 
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only 4 out of 49 children continued to show traces of embryonic pigment (up to 3.1%). 
No evidence for the presence of F hemoglobin was noted in 17 individuals 5 to 6 years 
old. 

From these data it is readily seen that the percentage of the F compound rapidly 
decreases during the first year of life, is usually found in amounts less than 5% after 
this time, and is rarely demonstrable after the age of 30 months. Nevertheless, an oc- 
casional child continues to have small quantities of alkali-resistant hemoglobin as late as 
4 years of age. In the few instances where this was observed, no evidence to suggest 
latent hematologic pathology was noticed, although it was not feasible to examine these 
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CHART 1. Scattergram of percentages of alkali-resistant hemoglobin found in specimens from 
200 children from birth to 6 years of age. Horizontal line at 2% represents upper limit of values 
obtained in normal adults. Figures above this line represent F hemoglobin concentrations. 


children with specialized hematologic technics. Whether some of these individuals repre- 
sented instances of mild Mediterranean disease with minimal hematologic changes can 
not be stated with certainty. As reported previously,1* some patients with thalassemia 
minor may show small quantities of an alkali-resistant pigment in hemoglobin solutions 
prepared from their erythrocytes. Other hematologic disorders found to be associated 
with alkali-resistant compounds (sickle cell anemia, hereditary spherocytosis, leukemia, 
etc.) could be definitely ruled out. 

Previous investigations* * 1° 11,1 of the replacement of fetal hemoglobin by the adult 
compound seemed to show that 4 to 7 months following birth the F compound is no 
longer detectable. The discrepancy between these results and those reported in the litera- 
ture is most likely related to the method of alkali denaturation employed in identifying 
the embryonic pigment.’* In previous studies, the percentage of F hemoglobin was deter- 
mined by following the rate of denaturation of the hemoglobin solution over a period 
of time.®:% 812,18 By plotting the logarithm of the concentration of undenatured pig- 
ment against time, curves could be constructed which exhibited two main slopes, an ini- 
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tial steep portion representing the rapid denaturation of normal hemoglobin, and a 
second, more horizontal line, indicating the slower rate of destruction of the resistant 
components. By extrapolating the latter line to zero time, the concentration of the more 
resistant pigment can be estimated. With high percentages of fetal hemoglobin, this 
procedure yields excellent results. With concentrations of 5% or less of a resistant pig- 
ment, however, it becomes exceedingly difficult to draw a straight line through the lower 
portion of the curve, since the log of the concentration changes rapidly with minimal 
alterations in the amount of unaffected hemoglobin. In the present study, however, the 
technic employed permits the almost complete destruction of the normally denaturing 
compounds within the period of one minute.1* The hemoglobin which is unaffected by 
this procedure represents, essentially, the percentage of resistant pigment present in the 
hemoglobin solution (minus the small quantity destroyed during the first minute). In 
numerous experiments involving artificial mixtures of normal and fetal hemoglobins, 
amounts of as little as 2% of the F fraction could be detected with accuracy." Since 
more than 5% F hemoglobin is only rarely noted after the age of one year, the identifica- 
tion of such small quantities would be extremely difficult by the methods previously em~ 
ployed. Recently, Beaven and co-workers’® have utilized electrophoretic and spectro- 
photometric technics to determine the quantity of fetal hemoglobin present in mixtures of 
the adult and embryonic pigments. Using the former procedure, approximately 10% 
F hemoglobin remained at 4 months of age in the few infants examined. No studies were 
carried out in older children. Since the electrophoretic technic employed can not demon- 
strate less than about 5% F hemoglobin, it seems unlikely that this procedure would show 
the persistence of this compound within this range beyond the age of one year. Similarly, 
using differences in the tryptophane line in the ultraviolet spectra of fetal and adult 
hemoglobins, concentrations of less than 10 to 20% F hemoglobin could not be identified. 

That fetal hemoglobin continues to be produced, physiologically, after birth has been 
shown by Baar*® who noted the reappearance of the embryonic compound following 
almost complete exchange transfusions in erythroblastotic infants. Furthermore, the con- 
tinued production of this type of hemoglobin can be inferred from the data of Brink- 
man et al.° which indicate that the F pigment is still present in the circulating erythrocytes 
of some children at least as late as seven months of age. Since the life span of the normal 
adult red cell is approximately 120 days'® (and that of the newborn infant possibly some- 
what less*®), F hemoglobin could be expected to be present in the circulation for not 
more than four months after its production ceases. From the present study it thus seems 
likely that F hemoglobin may continue to be formed, at least in some children, for longer 
periods of time than has previously been supposed. 

No explanation is available for the noticeable individual differences in the disappear- 
ance time of fetal pigment. The mechanisms responsible for the shift from the production 
of F hemoglobin to that of type N are not yet understood. Whether F hemoglobin is 
principally a function of extramedullary hematopoiesis, or can also be manufactured in 
the marrow, remains to be elucidated. Further investigations will have to establish the 
factors which control the cessation of production of the fetal compound. 


SUMMARY 


Two hundred specimens of hemoglobin, prepared from the blood of children up to 
the age’ of 6 years, were investigated for their content of fetal hemoglobin. Fetal hemo- 
globin was usually absent after the age of 30 months, although an occasional hemato- 
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logically normal individual was found to have minimal quantities of this pigment beyond 
this time. 
The discrepancy between the results of the present investigation and data in the litera- 


ture seem to be explained on the basis of the different methods used in identifying the 
embryonic pigment. 
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SPANISH ABSTRACT 
Estudios de Hemoglobinas Anormales. IV. Persistencia de la Hemoglobina 
Fetal en los Eritrocitos de Nifios Normales 


La importancia de esta investigacién reside en el hecho de que, en estudios previos, los mismos 
autores han encontrado hemoglobina fetal,—en forma persistente y sin relacié6n con la edad—en la 
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anemia de celulas en hoz, en el sindrome de anemia mediterranea, e irregularmente en la esferocitosis 
hereditaria, leucemias agudas y crénicas; anemias mieloptisicas y anemias crénicas arregenerativas, 
adelantando la hipétesis de que esta fraccié6n de hemoglobina de los sindromes hemoliticos heredi- 
tarios pudiera representar la produccién continua del pigmento fetal mas alla de la edad en la que 
se encuentra fisiol6gicamente y su aparicién en los cuadros hemoliticos ‘‘adquiridos” una reactivacién 
de dicho mecanismo. Ademis, es particularmente interesante demostrar si la presencia de hemoglobina 
fetal en edades fuera de los limites en que se produce normalmente puede sugerir un trastorno 
patolégico hematico de naturaleza mas o menos seria. Por consiguiente consideraron necesario 
reinvestigar el término de tiempo en que, bajo condiciones fisiolégicas, la hemoglobina fetal 
desaparece de la circulacién y ratificar o rectificar usando un método mas sensible, los estudios previos 
que han asignado un lapso de 4 a 7 meses después del nacimiento. 

El presente estudio comprende la determinaciédn del contenido del pigmento fetal en 200 espe- 
cimenes de hemoglobina preparados con la sangre de nifios desde recien nacidos hasta la edad de 6 
afios incluyendo muestras de sangre extraida del cordén umbilical. El andlisis de los datos obtenidos 
demuestra que la hemoglobina fetal generalmente desapareciéd después de los 30 meses de edad y 
solo ocasionalmente se encontraron cantidades minimas de este pigmento en individuos normales 
después de dicha €poca. 

La discrepancia de estos datos con los previamente reportados por otros autores es muy probable 
que sea debida al método empleado en la identificacién del pigmenta. Sabiendo que es indudable 
la produccién fisiolégica de hemoglobina fetal después del nacimiento, queda por explicar el meca- 
nismo responsable del cambio en la elaboracién de la hemoglobina fetal a la del tipo normal del 
adulto, la razon de las diferencias individuales en el tiempo de su desaparicién de la circulacién y si 
el pigmento fetal es principalmente funcién de la hematopoyesis extramedular 0 también puede ser de 
la medular, asi como los factores que controlan la detencién de la produccién de la hemoglobina fetal. 
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ADRENAL CORTICAL HYPERFUNCTION 
IN CHILDHOOD 


Report of a Case with Adrenocortical Hyperplasia and 
Testicular Adrenal Rests 


By ELIZABETH KiRK RosE, M.D., Horatio T, ENTERLINE, M.D., 
JONATHAN E. Ruoaps, M.D., AND EDWARD Rose, M.D. 
Philadel phia 


HE following case of adrenal cortical hyperfunction with necropsy findings in a 
four year old boy is reported because of the rarity of this syndrome in children, and 
because of the finding of testicular adrenal rests. 


CASE REPORT 

J. S. was first seen at the age of 3 8/12 yr. His birth and early childhood until the age of 3 were 
uneventful (Fig. 1). At that time his parents became concerned because of adiposity associated with 
increased appetite. They also noted fatigability and lassitude. Soon afterward they observed hair 
growth across the shoulders and an axillary odor similar to that of an adult. He became increasingly 
preoccupied with food. Reduction of caloric intake, anorexogenic drugs and thyroid substances had 
been tried without avail. In 2 mo. his weight rose from 17.7 to 22.8 kg. 

Examination showed striking obesity with round, rubicund cheeks, prominent abdomen, fat pads on 
shoulders and hips, heavy eyebrows and fine dark hair over the shoulders, upper arms and some in 
the axillary and pubic regions. No striae were present. His height was 92 cm., his weight 22.8 kg., 
blood pressure was 105 mm. systolic, 75 mm. diastolic. Genitals were normal in appearance. He was 
somewhat sluggish and negativistic. His appetite was voracious. He was admitted to the hospital for 
further study with the following findings: Hgb. 15.74 gm./100 cc.; RBC count 5.2 million/cmm. ; 
WBC count 10.1 thousand/cmm.; neutrophiles, 62%; eosinophiles, 1%; monocytes, 2%; lympho- 
cytes, 34%; hematocrit 49; BUN 13 mg.; serum cholesterol 271 mg.; fasting blood sugar 95 mg.; 
total protein, 6.6 gm., albumin 5 gm., globulin 1.6 gm./100 cc. Serologic tests for syphilis, glucose 
tolerance test and water excretion (Cutler-Power-Robinson) test were negative or normal. RGs of the 
long bones showed a slight delay in maturation. Pituitary fossa, skull and chest were normal. There 
was no evidence of osteoporosis. An intravenous urogram revealed a normally functioning urinary 
tract with no evidence of renal displacement or suprarenal masses. A 24 hr. collection of urine 
showed no gonadotropic activity, less than 13 mouse units of estrogens and 1.3 mg. of neutral 
17-ketosteroids. Another determination 16 days later showed 4.9 mg. of neutral 17-ketosteroids/24 hr. 

During the next 4 mo. an attempt to restrict his excessive caloric intake met with little success. 
The fourth month he suddenly became listless while at nursery school and complained of dull pain 
in his right flank. He became progressively less responsive, appeared confused and vomited after a 
small evening meal. His systolic blood pressure was found to be 140. The next day he remained unre- 
sponsive and complained of headache in the left parietal area; it was noted that his head tended to 
turn toward the left and there was impaired coordination of the left arm and leg. He was readmitted 
to the hospital (Fig. 2). 

The patient’s obesity and general appearance were unchanged, but the following new findings 
were noted: he was semistuporous, did not respond to questions or commands; there was a horizontal 
nystagmus with the fast component to the left; left abdominal reflexes were absent; there was a 
positive left Babinski; facial acne had appeared and the blood pressure was persistently elevated, 


From the Departments of Pediatrics, Pathology and Surgery and the Endocrine Section of the 
Medical Clinic, Hospital of the University of Pennsylvania, Philadelphia. 
(Received for publication Oct. 1, 1951.) 


475 













Fic. 1. J. S., aged 2 4/12 yr. 
Fic. 2 A and B. J. S., before operation, 
aged 4 1/12 yr. 
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140 to 160 systolic, 110 to 120 diastolic. The ocular fundi were normal and examination of the 
cerebrospinal fluid showed no abnormality. The psychic and neurologic changes returned to normal 
in the next 3 days but the blood pressure remained elevated. Further studies showed the following: 
total eosinophile count was 3/cmm.; serum sodium 143 and 145 mEq. and serum potassium 3.1 and 
3.4 mEq./l. The 24 hr. excretion of neutral 17-ketosteroids was 5.3 and 8.4 mg. on the 12th and 24th 
hospital days, respectively. Urinary corticoid excretion was 5.4, 4.3 and 5.3 mg./24 hr. on the 2nd, 
11th and 20th hospital days, respectively. (Normal value is less than 1.5 mg. in this laboratory.) 
Oral glucose tolerance test showed a fasting blood sugar of 63 mg.; at 4 hr., 70 mg.; at 1 hr., 
80 mg.; at 2°hr., 103 mg./100 cc. Intravenous glucose tolerance test showed a fasting blood sugar 
of 55 mg.; at 5 min., 299 mg.; at 20 min., 203 mg.; at 40 min., 135 mg.; at 60 min., 102 mg.; at 
80 min., 79 mg./100 cc. RGs now showed generalized osteoporosis of the spine, pelvis and long 
bones. The subcutaneous injection of 5.5 mg. benzodioxane failed to produce a fall in blood 
pressure. Plasma CO: was 64 and 66 vol. %, plasma chlorides 99 and 103 mEq./l., BUN 9 mg./ 
100 cc. Serum calcium determinations were 10.9 and 11.6 mg.; inorganic phosphorus 3.3 and 2.3 
mg.; cholesterol 210 mg./100 cc. Repeated urinalyses were normal. 





Fic. 3. Section of adrenal (A) removed at operation (X26), showing 
nodular hyperplasia (B) (139). 


It was now agreed that surgical exploration of the adrenals was indicated. This operation was 
performed by one of the authors (J. R.). Through a kidney incision the right side was explored. 
The right adrenal was found to measure approximately 3 x 1.5 x 1 cm. Except for its size it 
appeared grossly normal. About one-fourth of it was resected. The left adrenal region was next ex- 
plored through a similar incision. The left adrenal appeared about twice the size of the right 
adrenal, somewhat nodular and about two-thirds of it was resected. The patient received 5 cc. 
aqueous adrenal cortical extract intramuscularly every 6 hr. for 3 days after operation along with 
intravenous glucose and normal saline. There was no evidence of adrenocortical insufficiency. During 
this time the blood pressure remained elevated 130 to 160 systolic, 90 to 120 diastolic. The post- 
operative course was marked by persistence of tachycardia and fever for about 14 days. On the third’ 
postoperative day the total eosinophile count was 12/cmm. 

Examination of the excised adrenal tissue was reported from the laboratory of Dr. Robert C. Horn 
as follows: “The specimen consists of two portions, the first a biopsy from the right adrenal measur- 











478 E. K. ROSE, H. T. ENTERLINE, J. E. RHOADS, E. ROSE 





Fic. 4 A and B. J. S., after operation, aged 4 6/12 yr. 


ing .2 x .8 x .8 cm. and the second a biopsy of the left adrenal measuring 2 x 1.2 x .8 cm., weighing 
toge*her 6 gm. 

“The right adrenal biopsy consists of red-brown tissue which is rather soft and in several small 
areas appears hemorrhagic. 

“The left adrenal biopsy consists of golden brown to mud colored parenchyma in triangular shape 
with a flat base. The tissue has a rather nodular consistency but seems well encapsulated. 

“Microscopic: Sections of the right adrenal reveal at one point, the three layers of the cortex. 
Cells of all three layers show regular size and nuclei but many of each layer show foamy, vacuolated 
cytoplasm with lacy threads of eosinophilic cytoplasm scattered through, but not completely packing 
the cells. However, through the greater portion of the sections, these near-normal cells are com- 
pressed and displaced by large nests and sheets of eosinophilic cells-arranged in columns and short 
cords of cuboid cells, moderately large, with foamy, lacy pink cytoplasm not entirely filling the cells. 
The nuclei are regular, round, moderately large and contain basophilic granular chromatin material 
and one eccentrically disposed prominent dark bluish nucleolus. No mitoses are seen in any cell 
layer although several dinucleate cells are seen. These nests of cells seem sharply demarcated from 
" the cells of the normal layers and no invasion of them is seen. An erythematous border appears 
around the junction with occasional small areas of hemorrhage. No medulla appears.” (See Fig. 3.) 

“Sections of the left adrenal reveal the same picture with the additional presence of medulla, the 
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cells of which also show vacuolated, foamy cytoplasm although the nuclei are regular. Interposed here 
are small sinusoidal blood spaces and a few ganglion cells. 

“Diagnosis: Hyperplasia of adrenal cortex.” 

Following the operation the changes were gradual, but striking. Within 1 mo. he became alert, at 
6 wk. the acne had disappeared, a decrease in the hirsuitism was noticeable and his mother reported 
more interest in other children, less fatigability and a relative indifference to food. Seven weeks 
after operation his 24 hr. urinary corticoid excretion had fallen to 1.9 mg. By 2 mo. his weight had 
fallen from 22.7 to 20.0 kg. The contour of his face and body had changed (Fig. 4). After 214 
mo. his blood pressure returned to normal. RGs showed recalcification of the skeleton. He remained 
improved and enjoyed normal health. 

Four months after operation he was readmitted to the hospital following an episode of drowsi- 
ness, fever, right parietal headache and vomiting accompanied by an episodic rotation of the head to 
the left and left superior rotation of the eyes. Acute pharyngitis and tonsillitis became manifest 
within 24 hr. His blood pressure was 110 systolic, 72 diastolic. On admission Hgb. was 11.2 
gm./100 cc., RBC count 3.9 million/cmm., WBC count 12.0/cmm. with 71% neutrophiles, 2% 
eosinophiles, 10% monocytes and 17% lymphocytes. Three days later when afebrile, the WBC 
count was 6.8 thousand/cmm. The total eosinophile count was 162 and fell to 131/cmm. 4 hr. after 
epinephrine injection. 

The oral glucose tolerance test gave the following values: fasting 59 mg.; 1 hr., 93 mgs 1 hr., 
63 mg.; and 2 hr. 45 mg./100 cc. The 24 hr. neutral 17-ketosteroid excretion had fallen to 2.1 mg. 
The neurologic examination and EEG were normal. 

Three months later, there occurred another brief episode of abdominal pain with vomiting, 
deviation of the head and eyes. Two months later, his height had increased to 99 cm. and his weight 
to 21.3 kg. His parents reported increased aggressiveness and appetite. His blood pressure remained 
normal, 105 systolic, 72 diastolic. His abdomen seemed more obese, his eyebrows thicker and 
heavier. He had complained of occasional headache followed by drowsiness. 

One month later, Hgb. was 13.3 gm., WBC count was 14.0 thousand/cmm. and 72 eosinophiles/cm. 

Four days later, he complained of headache and malaise. There soon followed a series of gen- 
eralized convulsions with intervening drowsiness and fever. Several episodes of vomiting occurred, 
with massive hematemesis and melena. The preceding day, he had complained of pain in the cheeks. 
(Later it was learned that he and a companion had been exposed to epidemic parotitis. The latter de- 
veloped the disease 2 wk. previous to the day the patient became ill.) On admission to the hospital his 
temperature was 41.0° C., blood pressure 130 systolic, 90 diastolic. He died 9 hr. later without 
regaining consciousness. 

Necropsy was performed 13 hr. after death. The body was that of a 5 yr. old white male, 
moderately obese with a chiefly truncal obesity. There was a generalized livor mortis; abdominal 
striae were not apparent though faint striations of the adductor surface of the thigh were present. 
There were healed 12 cm. cicatrices in both costovertebral angles. There was no pubic or axillary 
hair. Penile development was normal for his age. Both testicles were in the scrotum. 

The significant findings were as follows: all visceral organs showed a marked hyperemia. The 
heart and vascular system were not remarkable. The laryngeal mucosa was edematous with narrowing 
of the airway. The trachea and bronchi were injected and contained bloody mucinous material. The 
pleura were dark red. The consistency of all lung lobes was that of liver save for a few small 
crepitant pale areas in the upper lobes. On section, the lung surface oozed a serosanguineous fluid. 

Microscopically there was intense hyperemia of alveolar capillaries with hemorrhage into alveoli 
and small bronchi. There was considerable pulmonary edema. It was difficult to decide how much 
of the hemorrhage was from alveolar capillary rhexis and how much from aspiration. 

The gastrointestinal mucosa was hyperemic with petechial hemorrhages throughout. There was 
a deep ulceration of the upper esophagus with blood dissecting the muscle layers and shallow ulcera- 
tion in the lower one-third. Small, shallow ulcers were also present in the transverse colon. 

The liver weighed 700 gm. and was not grossly or microscopically remarkable. 

Aside from hyperemia the kidneys were not remarkable and showed no gross or microscopic 
lesions save for minor hyaline droplet degeneration of the proximal convoluted tubules. The bladder, 
ureters and prostate were without note. 

The thymus weighed 30 gm. (normal 26 to 30). It was pink and soft without petechiae. Micro- 
scopically the follicles contained prominent germinal centers. Reticuloendothelial elements were 
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cells of which also show vacuolated, foamy cytoplasm although the nuclei are regular. Interposed here 
are small sinusoidal blood spaces and a few ganglion cells. 

“Diagnosis: Hyperplasia of adrenal cortex.” 

Following the operation the changes were gradual, but striking. Within 1 mo. he became alert, at 
6 wk. the acne had disappeared, a decrease in the hirsuitism was noticeable and his mother reported 
more interest in other children, less fatigability and a relative indifference to food. Seven weeks 
after operation his 24 hr. urinary corticoid excretion had fallen to 1.9 mg. By 2 mo. his weight had 
fallen from 22.7 to 20.0 kg. The contour of his face and body had changed (Fig. 4). After 244 
mo. his blood pressure returned to normal. RGs showed recalcification of the skeleton. He remained 
improved and enjoyed normal health. 

Four months after operation he was readmitted to the hospital following an episode of drowsi- 
ness, fever, right parietal headache and vomiting accompanied by an episodic rotation of the head to 
the left and left superior rotation of the eyes. Acute pharyngitis and tonsillitis became manifest 
within 24 hr. His blood pressure was 110 systolic, 72 diastolic. On admission Hgb. was 11.2 
gm./100 cc., RBC count 3.9 million/cmm., WBC count 12.0/cmm. with 71% neutrophiles, 2% 
eosinophiles, 10% monocytes and 17% lymphocytes. Three days later when afebrile, the WBC 
count was 6.8 thousand/cmm. The total eosinophile count was 162 and fell to 131/cmm. 4 hr. after 
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deviation of the head and eyes. Two months later, his height had increased to 99 cm. and his weight 
to 21.3 kg. His parents reported increased aggressiveness and appetite. His blood pressure remained 
normal, 105 systolic, 72 diastolic. His abdomen seemed more obese, his eyebrows thicker and 
heavier. He had complained of occasional headache followed by drowsiness. 

One month later, Hgb. was 13.3 gm., WBC count was 14.0 thousand/cmm. and 72 eosinophiles/cm. 

Four days later, he complained of headache and malaise. There soon followed a series of gen- 
eralized convulsions with intervening drowsiness and fever. Several episodes of vomiting occurred, 
with massive hematemesis and melena. The preceding day, he had complained of pain in the cheeks. 
(Later it was learned that he and a companion had been exposed to epidemic parotitis. The latter de- 
veloped the disease 2 wk. previous to the day the patient became ill.) On admission to the hospital his 
temperature was 41.0° C., blood pressure 130 systolic, 90 diastolic. He died 9 hr. later without 
regaining consciousness. 

Necropsy was performed 13 hr. after death. The body was that of a 5 yr. old white male, 
moderately obese with a chiefly truncal obesity. There was a generalized livor mortis; abdominal 
striae were not apparent though faint striations of the adductor surface of the thigh were present. 
There were healed 12 cm. cicatrices in both costovertebral angles. There was no pubic or axillary 
hair. Penile development was normal for his age. Both testicles were in the scrotum. 

The significant findings were as follows: all visceral organs showed a marked hyperemia. The 
heart and vascular system were not remarkable. The laryngeal mucosa was edematous with narrowing 
of the airway. The trachea and bronchi were injected and contained bloody mucinous material. The 
pleura were dark red. The consistency of all lung lobes was that of liver save for a few small 
crepitant pale areas in the upper lobes. On section, the lung surface oozed a serosanguineous fluid. 

Microscopically there was intense hyperemia of alveolar capillaries with hemorrhage into alveoli 
and small bronchi. There was considerable pulmonary edema. It was difficult to decide how much 
of the hemorrhage was from alveolar capillary rhexis and how much from aspiration. 

The gastrointestinal mucosa was hyperemic with petechial hemorrhages throughout. There was 
a deep ulceration of the upper esophagus with blood dissecting the muscle layers and shallow ulcera- 
tion in the lower one-third. Small, shallow ulcers were also present in the transverse colon. 

The liver weighed 700 gm. and was not grossly or microscopically remarkable. 

Aside from hyperemia the kidneys were not remarkable and showed no gross or microscopic 
lesions save for minor hyaline droplet degeneration of the proximal convoluted tubules. The bladder, 
ureters and prostate were without note. 

The thymus weighed 30 gm. (normal 26 to 30). It was pink and soft without petechiae. Micro- 
scopically the follicles contained prominent germinal centers. Reticuloendothelial elements were 
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prominent in the ‘medulla. Hassall’s corpuscles were large and formed minute keratin cysts. Poly- 
morphonuclear cells and eosinophiles were present in moderate numbers. The spleen weighed 130 
gm. It was dark red, and on section the pulp was diffluent. Microscopically the red pulp was 
engorged with blood, the follicles were large with large numbers of macrophages and polymorpho- 
nuclear cells. 

The lymph nodes were not prominent. Microscopically there were lymphocytic depletion with foci 
of necrosis in germinal centers and reticuloendothelial hyperplasia. There was considerable edema, 
and the sinuses were filled with cellular debris similar to that in the germinal centers. 

The bone marrow showed moderate granulocytic hyperplasia. Megakaryocytes were numerous 
though their nuclei were for the most part pyknotic. Osteoblastic activity appeared reduced. Hemato- 
poietic marrow was abundant in the sites examined (lumbar vertebrae, sternum, rib). 

The pituitary weighed 0.28 gm. It was symmetric without gross tumor. It was fixed in Zenker's 
and stained with hematoxylin and eosin, and with Mallory trichrome. Microscopically no tumor was 
present, nor could Crooke’s changes be demonstrated with certainty. An occasional basophil cell 
showed vacuolization but no hyalinization. There appeared to be no striking alteration in the rela- 
tive frequency of basophils, chromophils and chromophobic cells. Gross serial section of the pituitary 
failed to reveal any adenomatous areas. 

The thyroid weighed 6 gm. It was soft, pale pink, and without nodulations. Microscopically there 
was considerable variation of acinar size. The epithelium was low cuboidal. Colloid was abundant 
with scanty peripheral vacuolization. 

The parathyroids were not grossly enlarged. They were composed of principal cells almost 
entirely. Wasserhelle cells were rare and oxyphil cells were not seen. 

The pancreas was not grossly remarkable; however, it had undergone considerable autolysis and 
alveolar detail of the islet cells was too poor for evaluation. 

The adrenals weighed 2.1 gm., left, and 2.5 gm., right. Both were adherent to surrounding struc- 
tures by dense adhesions resulting from the previous surgery. The left was roughly cuboidal, the 
right triangular and flattened. The cortex bilaterally was distorted by adhesions and beaded with 
yellow nodulation. The medulla was not prominent. A portion was fixed in Zenker’s, the remainder 
in 10% formalin. Sections were stained by hematoxylin and eosin, Mallory trichrome, iron and 
Sudan IV. 

Microscopically the glomerulosa was pale and narrow with vacuolated cytoplasm and spherical 
nuclei. The fascicular zone was reduced to cords of cells with prominent moderately pyknotic 
nuclei and scanty, finely vacuolated cytoplasm. These cords separated nodules which made up 
approximately two-thirds of the cortex. The cells of these were large, rounded to polygonal and 
varying considerably in size. The nuclei were round to oval. Nucleoli were not prominent. The 
cytoplasm was eosinophilic and rather granular, with varying amounts of fine vacuolizations. Occasional 
cells were gigantic with huge, though regular, nuclei. Binucleate cells were common. Many contained 
a fine golden brown pigment which failed to take stains for iron, lipid, or to reduce silver. On fat 
stain the glomerulosa took the stain heavily, the fascicular zone variably and the hyperplastic nodules 
quite lightly, with fine sudanophilic droplets, though an occasional cell took the stain heavily. 
These nodules gave the appearance of arising from the reticularis or inner fascicular zone, since the 
intervening cords of fascicularis were displaced laterally and toward the cortical surface. 

The testicles weighed 6 gm. each. These were not externally distorted. On section, however, the 
left testicle showed 2 small brown nodules, one about 3 mm., the other 7 mm. in diameter (Fig. 5). 
These were in the rete testis area and stood out from the pinkish surfaces of the uninvolved portion 
of the testicle. In the right testicle was a similar, though single, nodule in the same position. His- 
tologic examination revealed the seminiferous tubules to be lined with Sertoli cells with an occa- 
sional primary spermatogonium. Interstitial cells were scanty. The rete tubules were distorted by 
masses of cells similar to those in the adrenal. They were arranged in a vascular stroma. They were 
large eosinophilic, slightly vacuolated, variable in size. The nuclei were spherical to oval with 
prominent nucleoli. Golden brown pigment was present in the cytoplasm. Crystalloids were not 
seen. Sudanophilic droplets were present though minute and scanty. The pigment did not take iron 
stain, reduce silver, or stain with Sudan IV. The chief differences were the greater amount of 
nuclear variations, the presence of prominent nucleoli, and the lesser amount of sudanophilic material 
‘in the cytoplasm. 

Histologic study of the brain was undertaken by the late Dr. F. H. Lewey. He verbally reported the 
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ly- presence of hypothalamic lesions, but his untimely death interrupted his study of the sections. Un- 

30 fortunately an exhaustive search has failed to reveal any notes by Dr. Lewey relating to these lesions 

as and the sections presumably containing the lesions have also been lost. Loss of these sections of the 

10- hypothalamus is most unfortunate in view of their possible importance in relation to the patho- 

genesis of the adrenocortical hyperplasia. : 

sci This case at autopsy showed bizarre bilateral nodular hyperplasia of the adrenal cortex. The 

1a, adrenals closely resembled the adrenal tissue removed surgically 9 mo. before death. The hyperplastic 
| nodules arose at multiple points from the inner fascicular or reticular zones. This hyperplasia was 

us not similar to the occasional nodulations found in infants with adrenal cortical hyperplasia associated 

to- | with virilism and hypertension. Bilateral nodules were present here in the rete testes. These were 
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he considered adrenal rests rather than an interstitial cell tumor of the testes for the following reasons: 
(1) the cells cytologically were similar to those of the adrenal and stained similarly with a variety 

he of fat and other special stains; (2) crystalloids could not be identified; (3) the area of the rete is 

). described by Freeman’ as a frequent site of adrenal rests; and (4) virilism was not a prominent 

on feature of the case as would be expected if the lesions represented an interstitial cell adenoma.” 

is- The pituitary was not enlarged and contained neither adenomata nor Crooke’s changes in the 

ae basophils. The immediate cause of death was massive hemorrhage from ulceration of the esophagus 

by and gastric mucosa with aspiration of blood into the pulmonary tree. 

re 

ith Adrenal cortical hyperfunction is rarely encountered in childhood. Wilkins* and 

ot Williams* imply that the syndrome occurring before the age of 10 years is always asso- 

on ciated with adrenal cortical tumor, and the latter cites 26 such cases collected up to 1948. 

“A In 1949, Chute, Robinson and Donohue’ reviewed the verified cases, discussed the pa- 


thology and abnormal physiology of the syndrome and reported an additional case. Their 
he patient was an 8 year old white girl with bilateral nodular hyperplasia of the adrenal 
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cortexes and Crooke’s changes in the basophile cells of the anterior pituitary. They ac- 
cepted 33 cases as authentic. The age of onset varied from 5 months to 15 years. The 
most consistently reported pathologic change was the presence of the hyaline degeneration 
of Crooke in the basophile cells of the anterior pituitary. This was reported to be pres- 
ent in all the 11 cases in which search for it was mentioned. Pituitary adenomata were 
reported in 7 cases (6 basophilic, 1 not specified). Hyperplasia, adenomata or carcinoma 
(in 7) of one or both adrenal cortexes was described in 13 of the 18 cases. The youngest 
patient was 8 months old at death and symptoms had been present 4 months. In 7 of 
the 10 males the gonadal changes mentioned included atrophy (2), increase in inter- 
stitial tissue (1), enlargement of the testes (1), suppressed spermatogenesis (1), in- 
fantile (1), normal (1). 

Follis® in 1951 reported a 15'%4 month white male infant with evidence of adrenal 
cortical hyperfunction, obesity, hirsutism, facial comedones, thin skin, but with normal 
genitals. There was no mention of blood pressure or glucose tolerance. Death followed 
exploratory laparotomy. Necropsy showed localized accumulations of basophilic cells in 
the hypophysis (Crooke’s changes were not mentioned), adrenal hyperplasia, loss of 
lymphocytes from thymus and spleen, and a chondrodystrophic type of lesion of the ribs. 

The occurrence of heterotopic adrenal tissue in the testes has not been frequently 
reported, and the authors have found no instance of such heterotopia mentioned in 
association with adrenal cortical hyperfunction. Freeman,’ in 1945, reviewed the litera- 
ture and reported a case in a 73 year old male. She states that insufficient data are avail- 
able to determine the incidence of such rests, but suggests that they may be more common 
in infancy and that they may progressively disappear thereafter. 

Several aspects of the authors’ case warrant speculation or comment. Despite the 
bulimia, rapid weight gain, hirsutism and axillary odor, the authors were at first misled 
into a diagnosis of simple exogenous obesity and did not seriously consider an endocrinop- 
athy until the second assay of 24 hour neutral 17-ketosteroids excretion was reported. 
As is so often the case several components of the classical picture of adrenal cortical 
hyperfunction were absent. These included impairment of glucose tolerance, genital dys- 
trophy, striation and polycythemia. The cause of the neurologic signs and symptoms re- 
mains obscure. The changes in the patient’s personality, physical habitus and appetite 
after partial adrenalectomy were striking. The cause of the esophageal ulceration, which 
led to the fatal massive hemorrhage, remains uncertain. Uncertain also is the role of an 
overwhelming virus infection. (Possible prodromal stage of epidemic parotitis is difficult 
to evaluate in this instance.) Gastrointestinal hemorrhage occasionally accompanies both 
experimental and clinical shock. It is possible that a partial selective adrenocortical in- 
sufficiency coexisted with the manifestations of cortical dysfunction and hyperfunction, 
and impaired the patient's ability to resist the stress of an overwhelming infection. 

The loss of the hypothalamic tissue sections was most unfortunate and may possibly 
have deprived the authors of a bit of confirmatory evidence supporting Heinbecker’s 
concept’ of the hypothalamic genesis of adrenal cortical hyperfunction. One is tempted 
to speculate on the possible significance of the relationship between the apparent absence 
of abnormalities of impairment of glucose metabolism and the restriction of the adrenal © 
lesions to the fascicular and reticular zones. However, the lack of knowledge concerning 
the cellular origin of the various cortical hormones permits no conclusion. 
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SUMMARY 


An additional case of adrenal cortical hyperfunction occurring in a boy aged 3 8/12 
years is reported. The clinical features included bulimia, obesity, hypertension, hirsutism, 
personality change, osteoporosis and intermittent neurologic manifestations. The urinary 
excretion of 17-ketosteroids and corticoids was increased. There was no genital dystrophy ~ 
or impairment of glucose tolerance. Marked temporary improvement followed partial 
bilateral resection of the enlarged adrenals, The patient died 10 months after operation, 
following exposure to epidemic parotitis, as a result of massive hemorrhage from ulcera- 
tion of the esophagus. Necropsy showed bilateral nodular adrenal cortical hyperplasia 
-limited to the fascicular and reticular zones. Bilateral rests of adrenocortical cells were 
found in the rete testis. No Crooke’s changes or adenomata were found in the basophile 
cells of the anterior pituitary. 


ADDENDUM 


Since the above paper was submitted for publication, Landing and Gold (Landing, 
B. H., and Gold, E., Leydig cell proliferation in familial adrenal cortical hyperplasia, 
J. Clin. Endocrinol. 11:1436, 1951) have described three male infants with congenital 
adrenal cortical hyperplasia who also presented nodular proliferation of Leydig cells in 
the hilum and rete testis. They suggest that the previously reported cases of adrenal 
rests in the testis may actually have represented similiar collections of Leydig cells. In the 
present authors’ case, however, there seems little doubt that adrenal cell rests were present 
in the testis. 
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SPANISH ABSTRACT 


Sindrome de Hiperfuncionamiento Adrenocortical en Nifios; 
Reporte de un Caso con Hiperplasia Adrenocortical y 
Restos Adrenales en los Testiculos 


Se reporta un caso de hiperfuncionamiento adrenocortical ocurrido en un nifio de tres afios y ocho 
meses de edad. El cuadro clinico presentaba: bulimia, hipertensién, hirsutismo, cambios de la 
personalidad, osteoporosis y manifestaciones neurolégicas intermitentes. La excrecién urinaria de los 
17-ketoesteroides y corticoides estuvo aumentada. No sé observé distrofia genital, ni tampoco 
alteraciones en la tolerancia a la glucosa. La reseccién parcial bilateral de las glandulas suprarenales 
result6 en una mejoria clinica marcada de caracter transitorio. El paciente fallecié diez meses después 
de la operacién a consecuencia de una hemorragia masiva causada por una ulcera del esofago. El 
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estudio necropsico de este paciente revel6 una hiperplasia cortical nodular bilateral de las zonas 
fascicular y reticular de las suprarenales. Se notaron restos de tejido adrenal en ambos testiculos. No se 
observaron cambios de Crooke 0 adenomatas en las celulas basofilas del lobulo anterior de la hipofisis. 
213 Maloney Clinic, Hospital of the 

University of Pennsylvania 











EFFECTS OF EARLY FEEDING OF STRAINED MEAT TO 
PREMATURELY BORN INFANTS 


By M. B. ANDELMAN, M.D., P. S. GERALD, M.D., A. C. RAMBaR, M.D., 
AND B. M. KaGANn, M.D. 
Chicago 


HE addition of strained meat to the diet of full term infants has been reported to 
improve their general well being and promote red blood cell and hemoglobin forma- 
tion.1 The present study was undertaken to determine whether the addition of strained 
meat to the diet of prematurely born infants would have similar effects. In addition this 
study was planned to measure the effect of a marked increase in the protein intake upon 
growth in weight and length, and upon the serum protein concentration of such infants. 
Meat has been used in formulae partially or completely to replace milk proteins.? 
Additions of strained meat to the formulae of premature infants in the first month of 
life are well tolerated, and the meat protein is “as well retained and utilized as milk 
protein.’’ 


In the present study, one group of infants receiving a proprietary milk formula designed 
especially for premature infants (control group) was compared with another group re- 
ceiving an identical formula to which strained meat was added (experimental group). 
These two groups were further compared with a third group of infants who were breast 
fed and received no meat supplement (breast-fed group). 

The study was conducted from July 1948 to May 1950. The effect of seasonal varia- 
tion was reduced by pooling results over this period of time. 


MATERIALS AND METHODS 


One hundred and forty-four infants were included in this study. They were selected from those 
who were admitted to the premature clinic after discharge from the premature nursery in Sarah 
Morris Hospital. The infants were discharged from the premature nursery when they attained a weight 
of about 2000 gm. 

The distribution as to diet was determined as follows. Infants who were not being breast fed 
were placed on the formulae described below. The decision as to whether an infant was to be placed 
in the experimental group or the control group was based solely upon the desire to maintain a 2:1 
ratio in the number of subjects in the 2 groups. All those infants who were completely breast fed at 
the time of their first clinic visit and who continued thus for 6 wk. or longer were considered in the 
breast-fed group. These infants received no supplementary meat. An even distribution by race and sex 
was maintained in the various groups. 

Infants were excluded from the study whenever for any reason they were not examined within 30 
days of the previous visit; whenever there was a deviation from the prescribed diet for a period of 7 
days or more; or whenever a chronic illness occurred which appeared to be unrelated to the feedings 
and which might affect growth. 
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The control group was fed a formula containing 10 tablespoons of olac®* added to 20 oz. of 
boiled water. This formula provides 0.95 gm. of protein/fluid oz. and 19 cal./fluid oz. The experi- 
mental group received a formula containing 1 can (approximately 3 oz.) of Swift's strained meatt 
(beef, liver, lamb, veal or beef heart) and 10 tablespoons of olac® added to 17 oz. of boiled water. 
The protein content of the experimental formula was 1.7 gm./fluid oz. (approximately twice that of 
the control) and the caloric value 24 cal./fluid oz. These figures varied only slightly with the 
variety of meat used. All the mothers were instructed to feed the infant as much as he would take 
without urging. The daily intake was measured by the mother and reported to the examining physician 
at each visit. 

All the infants of the 3 groups received similar vitamins, iron supplements and solid foods. During 
the Ist 5 mo. of study, each infant received oleum percomorphum, 15 drops twice daily and ascorbic 
acid, 25 mg. daily. After that period, 3 teaspoonsful daily of polyvitamin dispersion®) were substi- 
tuted. During the 1st 7 mo. of the study, ferrous glycinate supplying 10 mg. of metallic iron was 
given daily. After that, iron ammonium citrate was given to supply 32 mg. of metallic iron daily. 
Analysis of the data revealed no significant difference in the values for Hgb. and RBC count between 
infants receiving the 2 different iron preparations. At 3 mo. of age the infants were given cereal once 
daily; at 4 mo. cereal twice daily; at 5 mo. vegetables were begun, at 6 mo. egg yolk and at 7 mo. 
fruit. During the 2nd 6 mo. of the infant’s life and after a weight of 6750 gm. was attained, the diets 
of all 3 groups were essentially the same. 

Observations were made at 2 wk. intervals until the infants weighed over 6750 gm. and were over 
6 mo. of age. The patients were then followed in the same clinic by other physicians until 1 yr. of 
age, when they were re-examined by the research team. 

With few exceptions, all clinical examinations upon which this study is based were performed by 
the same individual. All laboratory determinations were performed by the same personnel throughout 
the study. 

All infants were weighed to the nearest 10 gm. The crown-heel length of the supine infant was 
measured with an “Infantometer.” A superficial incision in the heel provided free-flowing blood for 
the determination of RBC count, Hgb. and serum protein concentrations. Hemoglobin was spectro- 
photometricallyt measured as oxyhemoglobin. Serum protein concentration was determined by the 
method described by Kagan." 

The differences between the means of the length gain, RBC count, Hgb. and serum protein con- 
centrations of the corresponding birth weight groups were compared by analysis of variance (2-way 
classification) as described by Snedecor.’ In the case of weight gain, the regression within each group 
of weight gain on birth weight was not significant, and the group averages as a whole were compared 
by the modified ‘‘t” test of Cochran and Cox.° 


RESULTS 


It was found that a plot of the body weight of the infant against age generally gave 
a smooth sigmoid curve. The central portion of the “S’’ formed a remarkably straight 
line. The linear portion of the curve was located in the interval between 2500 and 4500 
gm. body weight. This location was relatively unaffected by either age or birth weight. 
The slope of this linear portion was therefore taken as the measure of weight gain. The 
linear portion of the curve was also the period of most rapid weight gain, and it might 
therefore be expected to be the most sensitive to dietary changes. The slope was calcu- 
lated by fitting a straight line to the data by the method of least squares. 

The weight gain per week for the breast-fed group (300 gm.) was greater than the 
weight gain per week for either the experimental group (231 gm.) or the control group 
(250 gm.). The difference between the weight gains of the breast-fed and the experi- 


* The olac®, polyvitamin dispersion®) and oleum percomorphum were generously supplied by 
the Mead Johnson & Company. 

+ The strained meats were generously supplied by Swift & Company. 

tThe spectrophotometer was standardized for this study by the Department of Hematologic 
Research through the courtesy of the Director, Dr. Karl Singer. 
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mental group (probability <0.01) was significant whereas the difference between the 
breast-fed group and the control group (probability >0.05) was not significant. The 
difference between the weight gain per week of the experimental and control groups was 
also not significant (P >0.05). It is not possible at this time to offer proof for any mately 
ing explanation for the greater weight gain of the breast-fed group. 

A plot of the crown-heel length against age resulted in a sigmoid curve that paralleled 
the weight curve. The linear portion of the length graph was located in the same body 
weight interval as was that of the weight graph and showed the same relative independ- 
ence of the birth weight and age. Therefore, the slope of the length graph in the interval 
2500 to 4500 gm. body weight was taken as the measure of length gain. This slope also 
was estimated by fitting a straight line to the data by the method of least squares. 

Although infants in the breast-fed group showed slightly greater length gain per week, 
the growth in length did not differ significantly (P >0.05) between any of the groups. The 
actual mean length gain per week for the breast-fed group was 0.94 cm.; for the experi- 
mental group 0.89 cm.; and for the control group 0.86 cm. 

The hemoglobin concentrations and red blood cell counts were each plotted against age. 
Inspection showed minimum values for both red blood cell count and hemoglobin at 12 
weeks of age and that the values then rose steadily until about 20 weeks of age, at which 
time they became relatively stable. The two ages, 12 and 20 weeks, were therefore taken 
as critical points for comparison of hemoglobin concentrations and red blood cell counts. 

There was no significant difference in the hemoglobin concentration or red blood cell 
count between the three groups at 12 weeks of age. At 20 weeks, however, the hemoglobin 
concentration of the experimental group exceeded that for the control group. The mean 
difference was 1.0 gm./100 cc. This difference is statistically significant (P <0.05). It is of 
interest particularly since both groups received added iron in amounts considered more 
than adequate to supply the need for this mineral. At 20 weeks, the hemoglobin concen- 
tration for the experimental group exceeded that for the breast-fed group by 0.2 gm./100 
cc. This difference is not significant (P >0.05). At 20 weeks, the hemoglobin concentra- 
tion for the breast-fed group exceeded that for the control group by an amount (0.7 gm./ 
100 cc.) which is not significant. The lack of significance in the difference between the 
breast-fed and control groups is probably due to the relatively small number of observations 
in the breast-fed group at 20 weeks of age (14 observations in the breast-fed group; 44 in 
the control; 74 in the experimental). The data suggest that meat may contain some hemo- 
globin-producing substance which is not present in the cows’ milk formula even when 
adequate iron is provided. It appears to be a problem worthy of further study. 

There was no significant difference in the red blood cell counts between the three 
groups at 20 weeks of age. A fall in color index is usually observed after 3 months of 
age.’ The hemoglobin, therefore, might be expected to rise first since it shows the greater 
deficiency. 

The data for serum protein concentrations were grouped and graphed in the same 
manner as the hemoglobin concentrations and red blood cell counts. A gradual rise in 
serum protein concentration was noted with increasing age. The values at 12 and 20 
weeks of age were arbitrarily selected for analysis. 

The serum protein concentration was lower for the breast-fed group than for the 
other two groups at both 12 and 20 weeks of age. The difference was significant, how- 
ever, only when the values for the breast-fed group were compared with the experimental 
group at 12 weeks of age (average difference 0.4 gm./100 cc.; P <0.01). The lower 
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serum protein concentration in the breast-fed infants is of particular interest inasmuch 
as they showed better gain in both weight and length. At 20 weeks, the mean difference 
(0.35 gm./100 cc.) in serum protein concentration between the breast-fed and the experi- 
mental groups is essentially the same as that at 12 weeks. However, because of relatively 
few determinations at the 20 week age for the breast-fed group (14) as compared to the 
experimental (57) and the control (32), the difference is not significant. 

In view of the higher caloric content of the meat-supplemented formula, the absence of 
beneficial effect on growth in weight and length suggested either poor utilization of the 
meat or decreased volume intake. Other studies have shown that meat is well assimilated 
and utilized. * 

Volume intakes for a narrow range of body weight (3000 to 3500 gm. body weight) 
were therefore analyzed. Data were obtained for this purpose from 41 infants in the 
experimental group and 30 in the control group. The average volume of daily formula 
intake for the experimental group was 23.0 ounces (range 12 to 30) and for the control 
group 28.7 ounces (range 18 to 60). The average intake in calories/kg. body weight for 
the experimental group was 170 (range 87 to 239) and for the control group 168 (range 
103 to 326). These data were analyzed by the modified ‘‘t” test. They show that the 
intake of the meat-fed group was significantly reduced (P <0.01) in proportion to the 
greater caloric content of the meat-containing formula. The result was that the daily 
caloric intake was the same in both the experimental and the control groups. It appears, 
therefore, that reduction in volume of formula consumption accounts for the failure to 
benefit from the added calories of the meat supplement. 

The mean values at one year of age were compared by analysis of variance without re- 
gard to birth weight. No differences were noted between the experimental group and the 
control group as a result of the difference in feeding regime during the first six months 
of life. There were too few of the breast-fed group available at one year of age for a 
satisfactory comparison. 


CLINICAL OBSERVATIONS 


The complaints and pertinent clinical findings were grouped and studied. The several 
groups did not differ significantly in the proportion of patients afflicted with constipation, 
irritated buttocks, upper respiratory infections, pneumonia, and diarrhea without evidence 
of other disease. 

In the experimental group, 3 of the 59 cases of upper respiratory infection were ac- 
companied by diarrhea severe enough to require therapy. In the control group, 6 of 41 
cases with upper respiratory infection also had such diarrhea. In the breast-fed group, 
none of the 13 cases of upper respiratory infection were accompanied by diarrhea. The 
differences in the proportion of cases of upper respiratory infection which were accom- 
panied by diarrhea are not significant. There was, therefore, no susceptibility to parenteral 
diarrhea which could be related to the difference in the diets. 

The meat-supplemented formula was offered to 85 infants. In five it was considered 
advisable to discontinue the meat. One mother reported diarrhea when meat was included 
in the formula and constipation when it was omitted. This was observed subsequently 
two additional times when meat was added to the formula of this infant. Each time when 
meat was discontinued the diarrhea subsided. This occurred twice when the baby was 
given: veal and once when the baby was given beef. A few months later, the infant toler- 
ated all varieties of meat without difficulty. 
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Another infant developed loose and watery stools when beef was added to the formula. 
This also cleared when meat was discontinued. In three other infants a tendency to 
diarrhea, with accompanying irritability, was associated with the addition of meat to the 
formula. In these cases, however, the association was not as definite nor as well corrobo- 
rated. 


SUMMARY AND CONCLUSIONS 


This study was undertaken to determine the effect on prematurely born infants of the 
feeding of strained meat. One group of infants received a standard formula; another an 
identical formula to which strained meat was added, and a third group was breast fed. 

Meat added to the diet of prematurely born infants weighing between 2000 and 6750 
gm. was well accepted. There was no significant difference in the symptoms or signs of 
illness among the infants of either of the three groups. 

It was found that a plot of the body weight of such infants against age generally gives 
a smooth sigmoid curve. The central portion of the “S” forms a remarkably straight line. 
The linear portion of the curve is located in the interval between 2500 and 4500 gm. 
body weight. The location is relatively unaffected by either age or birth weight. The 
slope of this linear portion was taken as the measure of the weight gain. A similar relation- 
ship was found for the crown-heel length. These findings are not only of academic interest 
but are also of practical importance since they provide an unusually good tool for further 
nutritional and other studies. 

Growth as measured by rate of change of weight and length did not differ significantly 
between the experimental group and the control group. The breast-fed group exceeded the 
experimental and control groups in both weight and length gain. The greater weight gain 
in the breast-fed group as compared to the experimental group was statistically significant. 

Minimum values for red blood cell count and hemoglobin were observed at 12 weeks of 
age. These values rose steadily until about 20 weeks of age, at which time they became 
relatively stable. There was no significant difference in the hemoglobin concentration or red 
blood cell count between the three groups at 12 weeks of age. At 20 weeks, however, the 
meat-fed or experimental group exceeded the control by a significant amount. The mean 
difference in hemoglobin concentration of the experimental group aad that of the control 
group was 1.0 gm./100 cc. This finding is of interest especially since the experimental and 
control groups both received more than adequate amounts of iron added to the diet. 

A gradual rise in serum protein concentration was noted with increasing age. At 12 
weeks of age, the serum protein concentration for the breast-fed group was significantly 
lower than that for the experimental group, the average difference being 0.40 gm./100 cc. 
The average difference between these two groups at 20 weeks was 0.35 gm./100 cc. but 
there were too few in the breast-fed group at this time to give the difference statistical sig- 
nificance. The serum protein concentrations in the experimental and the control groups 
did not differ significantly at either 12 or 20 weeks of age. 

Analysis of the total volume intake of the formulae showed that intake of the experi- 
mental group was reduced in proportion to the greater caloric content of the meat-con- 
taining formula. The result was that the daily intake of calories was the same in both the 
experimental group and the control group. This remarkable reduction in volume of intake 
by premature infants in the weight groups concerned and the strikingly uniform caloric 
intake are of interest particularly in view of current thoughts on self selection of diet. 
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No differences were noted in the weight or length gain, hemoglobin, red blood cell 
count, or serum protein concentration between the experimental group and the control 
group when the infants reached one year of age. 
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SPANISH ABSTRACT 


Efectos de la Alimentacion Temprana de Carne Colada a Nifios Prematuros 


Este trabajo se realiz6é tratando de determinar el efecto que en nifios prematuros podria tener la 
alimentacién con carne colada, teniendo en cuenta publicaciones previas que habian reportado, que 
en el nifio a término, la adicién de este alimento promueve la formacién de hemoglobina y eritrocitos 
y mejora el estado general. Un grupo de pacientes recibié una férmula tipo; a otro le fué proporcionado 
una férmula idéntica pero a la cual se habia agregado carne colada, y un tercer grupo estuvo alimentado 
al pecho. El estudio se verificé entre julio de 1948 y mayo de 1950, y en el se incluyeron 144 nifios 
que fueron controlados en una clinica para prematuros y que habian sido dados de alta del servicio 
de prematuros del Hospital Sarah Morris, por presentar un peso alrededor de 2 kilos. Se siguiéd una 
distribucién igual respecto a sexo y raza y se excluyeron aquellos pacientes que no se habian vigilado 
periéddicamente, los que se habian desviado de la dieta prescrita y aquellos que presentaron alguna 
enfermedad capaz de afectar su progreso. 

Mientras que la férmula del grupo control proporcionaba .95 gramos de proteinas por onza, la del 
grupo experimental, alimentado con carne, tenia 1.7 gramos también por onza. La relacién calérica 
entre los dos tipos de alimento era de 19 calorias por onza para el grupo control y de 24 para el 
experimental. Todos ellos recibieron suplementos vitaminicos, hierro y alimentos sélidos en cantidades 
similares. Se veriricaron observaciones con intervalo de dos semanas hasta que el peso fué superior a 
6.750 grms. y la edad a 6 meses, siendo re-examinados al afio de edad. 

Se hizo una comparacién estadistica en los 3 grupos con respecto al crecimiento, nimero de eri- 
trocitos, concentracién de hemaglobina y cifras de proteinas plasmaticas. 

El aumento de peso por semana del grupo alimentado al pecho (300 grms.) fué mayor que el del 
grupo experimental (231 grms.) y que el de control (250 grms.) sin embargo, desde el punto de 
vista estadistico solamente la diferencia entre el grupo al pecho y el experimental, tuvo significacién, 
mientras que tal cosa no sucedié entre los alimentados al pecho y aquellos que sirvieron como control. 
Tampoco tuvo importancia, valorado estadisticamente, la diferencia entre los grupos experimentales y 
de control. 

Los nifios alimentados al pecho mostraron mayor aumento de tamafio, comparativamente con los 
otros nifios, sin embargo esta diferencia no tuvo significacién estadistica. 

A las 12 semanas de edad no se encontré que hubiera en ninguno de los grupos variaciones importan- 
tes respecto a la concentracién de hemoglobina o al namero de eritrocitos. Sin embargo, a las 20 
semanas, la concentracién de hemoglobina del grupo experimental excedié considerablemente a la 
del control. El grupo alimentado al pecho tenia también una cifra de hemoglobina promedio mayor 
que la del grupo control, pero en este caso la variacién no fué de significacién estadistica. Dichos 
resultados son de particular interés en vista de que se proporcioné hierro en cantidades teéricamente 
adecuadas y sugieren que la carne contenga alguna substancia productora de hemoglobina la cual no 
se encuentra en la férmula con leche de vaca administrada. 
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A las 20 semanas de edad no hubo variaciones importantes con relacién al namero de eritrocitos. 
Con el aumento en edad hubo una alza progresiva de las proteinas del plasma. A las 12 semanas 

ellas eran en el grupo alimentado al pecho, claramente mas bajas que en el grupo experimental, siendo 
la diferencia promedio de 0.40 grms. por 100 c.c. A las 20 semanas la diferencia entre estos mismos 
dos grupos era de 0.35 grms. por 100 c.c., pero el namero de nifios alimentados al pecho fué, en esta 
edad, demasiado reducido y no se puede conferir un valor estadistico a dicha diferencia. La concen- 
tracidn de proteinas plasmaticas en los grupos experimentales y de control no difirid en forma 
importante a las 12 ni a las 20 semanas de edad. Las cifras de proteinas bajas demostradas en el 
nifio alimentado al pecho, ofrecen particular interés en vista del mayor progreso en peso y estatura de 
estos pacientes. 

El analisis del volumen total de férmula in gerida revelé, que en el grupo experimental, la inges- 
tién estaba reducida en proporcién al mayor contenido calérico de la férmula, resultando que la 
cantidad de calorias recibidas por el grupo experimental y por el de control era el mismo. Esta 
reduccién notable en cuanto al volumen de férmula aceptado por los prematuros estudiados y la 
uniformidad de la ingestién calérica, merece gran atencién teniendo en cuenta las corrientes actuales 
respecto a la auto-seleccién en la dieta. 

Respecto a las observaciones clinicas, no hubo diferencias importantes en lo referente a ciertos 
padecimientos tales como estrefiimiento, infecciones de vias respiratorias superiores, neumonia y diarrea. 

Al afio de edad no pudo encontrarse ninguna clara variacién respecto al peso o estatura,’ concentra- 
cién de hemoglobina, namero de eritrocitos, o cifras de proteinas del plasma. 
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THE PRESIDENT’S PAGE 


T IS axiomatic to say that recent achievements in medical science have greatly improved 
the quality of medical care. One of the fields of study, constituting an important area 
of activity in which progress can be cited, is the care of the prematurely born infant. Not 
only has there been general utilization of new drugs and equipment, but a better knowledge 
and application of methods employed in reduction of the hazards confronted by the infant 
during this critical age period. Perhaps the most important single factor destined to influence 
favorably the morbidity and mortality statistics of prematures is the proper training of 
professional personnel assigned to their care. 

During recent years many changes have developed both in the character and the content | 
of medical education. There is little value in planning for more and better health services 
unless consideration is first given to providing well-trained physicians to render those 
services. Assumption of responsibility, with the application of fundamental principles to 
specific cases, is the foundation of good medical judgment. The service rendered in their 
local communities by practicing physicians can be only so good as the training, skills and 
abilities of the individuals who give it. An encouraging trend since World War II has 
been the very widespread effort on the part of pediatricians to avail themselves of additional 
training in medical centers, to acquire there the skills and modern methods so necessary 
for utilization in their own practice. There is general recognition of the principle that 
better preparation for the care of sick children and the health supervision of well children 
will necessarily be reflected in improved standards of practice—a step along the way toward 
our Academy goal of better health for more children. 

Although premature babies make up only about five in one hundred of the total live 
births, they contribute almost 40% of the deaths in babies under one year of age. In this 
connection, many medical centers and teaching institutions throughout this country have 
arranged special short-term courses of instruction for pediatricians and nurses, giving freely 
of their talents to intensify the fight against premature infant mortality. Knowledge gained 
by participants in these courses is carried back home and applied to the improvement of 
existing facilities and methods there. This is a practical illustration of decentralization, 
without affecting adversely the services and training at the source. 
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It was my privilege last year to attend an institute for the care of premature infants at 
New York Hospital (Cornell University Medical Center.). There are similar courses of 
instruction located in other sections of the country, designed to meet the needs of physicians 
and nurses especially interested in the problems presented in premature infant care pro- 
grams, either in nurseries or at premature centres. Since my personal experience is limitéd 
to the institute at Cornell, some observations concerning that particular program seem 
appropriate. 

Sponsored and largely financed by the New York State Department of Health and the 
U. S. Children’s Bureau, the institute affords the facilities of an outstanding medical center, 
and the teaching talents of recognized leaders in nursing and pediatrics, many of whom 
are members of the American Academy of Pediatrics. Consisting of lectures, clinical dis- 
cussions and demonstrations, the curriculum includes subjects pertaining to every aspect 
of premature care. Field trips to similar facilities in other hospitals of Greater New York, 
and an opportunity for home visiting with a public health nurse, afford the student a com- 
parison of accepted procedures. It is a stimulating experience which makes one aware 
that there remain many unsolved problems in this field of medicine. An attitude of friendly 
interest on the part of the faculty and a spirit of easy, informal camaraderie among the 
students add much to the effectiveness of the program. Most of the lectures and demonstra- 
tions are given jointly to physicians and nurses during the first two weeks, but the latter 
two weeks of the institute for nurses is devoted primarily to experience in the premature 
nursery with planned observations in the clinics. The instruction is intensive and highly 
individualized. Inquiries concerning further details may be addressed to Dr. William E. 
Laupus, Institute in the Care of Premature Infants, Department of Pediatrics, The New 
York Hospital, 525 East 68th Street, New York 21, New York. 

To the busy pediatrician, engaged in private practice and conscious daily of deficiencies 
in his knowledge of modern methods and techniques in the handling of infants born too 
soon, this type of intensive postgraduate instruction is valuable. Expansion of these educa- 
tional services throughout the country will inevitably result in an improvement of the type 
of highly specialized care so necessary for the fragile premature infant. 


WARREN W. QUILLIAN, M.D., President 








Round Table Discussion 
METABOLIC DISEASES IN CHILDREN 


Victor A, NajjAR, M.D., Baltimore, Chairman; IRVINE MCQUARRIE, M.D., Minne- 
apolis; L. EMMETT HOLT, Jr., M.D., New York City ; 
Lytt I. GARDNER, M.D., Baltimore 


RUTH BAKwWIN, M.D., New York City, and ERNEst L. Noone, M.D., 
Drexel Hill, Pa., Secretaries 


(Reading of Chairman Najjar's paper.) 

Chairman Najjar: 1 have indicated to you that the alpha cells of the pancreas excrete the hyper- 
glycemic factor. The practical va'e of this finding can only be measured by its possible bearing on 
the understanding and treatment of aberrations of carbohydrate metabolism. Dr. Irvine McQuarrie 
has lately found cases of hypoglycemia that showed absence of these cells. This finding is of great 
significance in future therapy of this condition. What may have taken years to recognize is now 
an accomplished fact. This we owe to the keen efforts and observations of Dr. McQuarrie who will 
now address us. 

Dr. Irvine McQuarrie, Minneapolis: Dr. Najjar has covered the fundamental aspects of the 
interrelationships between hormones and enzymes involved in carbohydrate metabolism so thoroughly 
that I shall not need to comment on that phase of the subject in my discussion of the hypoglycemosis 
(hypoglycemic state), but will lean heavily upon our clinical and pathologic observations. 

Spontaneously occurring, persistent hypoglycemia of severe grade with such manifestations as 
repeated convulsions and attacks of coma, which may be followed by irreversible damage to the 
central nervous system if inadequately treated, is, fortunately, a comparatively uncommon disorder. 
On the other hand, milder forms of the condition, characterized by such symptoms as a vague 
sensation of hunger or gauntness, a feeling of faintness or weakness, cold sweats and other vasomotor 
reactions, tremulousness, dizziness, mental confusion, drowsiness and occasional convulsions, occur 
with far greater frequency than most physicians appreciate. It has been estimated by several authorities 
on the subject that the total number of persons in the United States who are afflicted with the 
syndrome is almost as great as the number known to suffer from diabetes mellitus. 

The complexity of the problems of etiology, classification, diagnosis and treatment of spontaneous 
hypoglycemia is illustrated by the schema presented in the first slide. The concept of the blood 
sugar concentration being dependent upon a balance between the functional activity of the insulin- 
producing system on the one hand and the combined activities of a series of hyperglycemia or anti- 
insulin factors on the other is expressed through the symbol of an old-fashioned steelyard provided 
with a modern pointer and scale. According to this concept, every case of spontaneous hypoglycemia 
is due to either absolute or relative hyperinsulinism. 

The expression, “true, or absolute hyperinsulinism,” obviously implies therapeutic insulin over- 
dosage or overproduction of insulin by the beta cells of the pancreas. While it is conceivable that 
normally appearing insular beta cells might produce excessive amounts of insulin at times in 
response to nervous or other extrapancreatic stimuli, the evidence that this is an important cause 
of spontaneous hypoglycemia in any but the mildest cases is not entirely convincing. Tumors 
(adenoma and carcinoma) and hyperplasia, involving the beta cells of the pancreatic islands, consti- 
tute the only satisfactorily demonstrated pathologic lesions associated witk absolute hyperinsulinism. 

Successful surgical excision of a benign islet tumor results in complete cure of the hypoglycemosis. 
Such tumors are extremely rare in children. Subtotal pancreatectomy in cases showing islet hyperplasia 
is frequently highly beneficial, at least temporarily. 

_ Alloxan used by Talbot and coworkers as a last resort in one severe case of hyperinsulinism ap- 
peared to give satisfactory results. Because of its marked hepatotoxic and nephrotoxic action, this 
agent should obviously be used with extreme care if used at all. 

The term “relative hyperinsulinism” refers to the state in which hypoglycemia results from 
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underactivity of one or more of the nervous, hormonal, nutritional or other antagonistic factors 
lined up in our schema on the side of the balance opposite that occupied by the symbolic pancreas. 
Hypocorticoadrenalism (Addison’s disease), anterior pituitary deficiency (Simmonds’ disease and 
certain cases of pituitary dwarfism), extensive liver disease (necrosis, atrophy, acute hepatitis, cir- 
rhosis and von Gierke’s glycogen storage disease) are the most commonly recognized disease entities 
causing relative hyperinsulinism. In all these clinical conditions the hypoglycemia is characterized 
by its appearance almost exclusively at times most remote from meals, indicating a deficiency in the 
glycogen stores of the liver or a deficiency in the mechanism for breakdown of glycogen to glucose 
(glycogenolysis), as in von Gierke’s disease. The net clinical significance of deficiencies in the cellular 
activity of the thyroid, posterior pituitary, adrenal medulla, islets of Langerhans (alpha cells) and 
ovaries and of disturbances in the functions of the sympathetic and parasympathetic nuclei in the 
hypothalamus, as regards the production of hypoglycemia, cannot be accurately appraised at the 
present time. Perhaps future investigations on these aspects of the problem will shed new light on 
the pathogenesis of so-called idiopathic hypoglycemia, which constitutes the largest single group of 
hypoglycemia children in our experience. 

As regards treatment of the etiologically different types of spontaneous hypoglycemosis, nothing 
further needs to be said concerning true hyperinsulinism. Obviously, for those patients who suffer 
from adrenocortical insufficiency or pituitary insufficiency, specific replacement therapy and avoidance 
of fasting are indicated. The most important feature of the therapy for hypoglycemia due to the vari- 
ous forms of liver disease already referred to is that which is directed to the primary disease itself. 
In the milder forms of so-called functional hypoglycemia, the etiology of which is more or less 
obscure, the most satisfactory form of treatment is that involving the use of the high-protein, 
comparatively low-carbohydrate diet recommended by Conn. 

Shortly after it was announced by Corey and Britton and by Long in 1939 that adrenal cortical 
extract in excessive dosage exerts a diabetogenic effect in normal animals, we attempted to exploit 
the discovery by administering comparatively large doses of commercially available extracts to young 
children suffering from severe spontaneous hypoglycemia of non-Addisonian type. While the results 
in a few instances were mildly encouraging, they were not sufficiently definitive to justify the expense 
entailed in routine use of the extract. 

On the basis of the well-known observation by Young and by others, that continued administration 
of crude extracts of the anterior lobe of the pituitary gland produces glycosuria and hyperglycemia 
(diabetogenic effect) in normal experimental animals, we treated a young hypoglycemic pituitary 
dwarf with large doses of one of the then available commercial extracts of this gland (polyansyn®, 
Armour) in 1940. The patient had had generalized convulsions on several occasions while his fasting 
blood sugar was in the neighborhood of 20 mg. %. Morning convulsions ceased to occur and his fast- 
ing blood sugar subsequently was found to be within normal range. A recent check on the patient's 
progress revealed that convulsions have never recurred. 

When adrenocorticotropic hormone (acthar®) was found by Brown (1943) and by Conn 
(1948) to induce hyperglycemia and glycosuria in normal men, it became apparent to us that its 
effects on spontaneous hypoglycemia should be studied. 

Metabolic data on 12 non-Addisonian hypoglycemia patients included in our study of the problem 
indicate that their responses to ACTH administration are similar in type to those reported for normal 
adult subjects. Severe hypoglycemia and attendant symptoms were completely abolished during the 
period of intensive hormone administration and usually for a few days after its withdrawal. The 
sharp fall and the abnormally prolonged, low level of blood sugar in the glucose-tolerance curve, 
which represented the characteristic response of each of the patients during the control period, were 
found to be absent during the period of ACTH administration, the curve becoming essentially normal. 
The eosinophil cells of the blood fell precipitately from the normal range (between 100 and 350 
cmm.) to between 0 and 10 cmm. within 4 hours after ACTH was first administered and remained 
at this low level so long as the hormone was given at 6 hour intervals. 

As Dr. Najjar has indicated, it has been demonstrated by previous workers in experimental ani- 
mals that the alpha cells of the islets of Langerhans exert an anti-insulin or hyperglycemic (glyco- 
genolytic) effect. We have recently made metabolic and histologic studies on 2 patients suffering 
from spontaneous hypoglycemosis (brother and sister) in whom absence of pancreatic alpha cells 
appears to be the most likely etiologic factor. Special biochemical tests for dysfunction of the 
adrenal cortex, the adenohypophysis and the liver were negative. No evidence of adenoma or 
hyperplasia of the beta cells of the pancreatic islets could be found in these two patients when subtotal 
pancreatectomy was performed, However, examination of sections of the pancreas stained with 
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Gomori’s special stain unexpectedly revealed the total or almost total absence of alpha cells. That the 
patients showing these unusual characteristics represented a heretofore unrecognized endocrinologic 
entity is suggested by the familial occurrence of the syndrome and the initial appearance of symp- 
toms during the first months of life. Adrenocorticotropic hormone was found to be highly effective 
in control of the hypoglycemia. In fact, this new hormone appeared to be as effective for the control 
of all cases of non-Addisonian hypoglycemia as insulin is for the control of diabetes mellitus. Our 
most severe case, the younger of the 2 with absence of alpha cells, lost her tendency to spontaneous 
attacks of hyperglycemia after one year of ACTH therapy. 

Fasting hypoglycemia and morning convulsions were prevented temporarily by ACTH therapy 
in one young patient with glycogen storage disease. The glycogenolytic substance derived from the 
pancreas did not induce hyperglycemia in this patient with von Gierke’s disease. 

Dr. Philip Rosenblum, Chicago: Would growth hormone be indicated for hypoglycemia in view 
of what Dr. Najjar has said? 

Dr. McQuarrie: It inhibits carbohydrate metabolism so I would be reluctant to try it for fear it 
might do some harm. 

Chairman Najjar: Growth hormone seems to depress glucose uptake so that one might get an over- 
all effect of combatting hypoglycemia. However, since the effect of the hormone is not limited to 
carbohydrate metabolism, I would hesitate to use it as a therapeutic measure. 

Dr, Francis W. Helfrick, Manchester, Conn.: Has anyone had experience with ACTH in the 
glycogen storage disease of muscle, distinct from that of the liver type? 

Chairman Najjar: 1 do not know of any published work on the effect of ACTH on liver 
glycogen as contrasted to its effect on muscle glycogen disease. 

Dr. Holt has been interested in glycogen disease for quite some time. I am sure we will all 
welcome Dr. Holt’s comments on this subject. 


HEPATIC FORM OF GLYCOGEN DISEASE (VON GIERKE’S DISEASE) 


Dr. L. Emmett Holt, Jr., New York City: My remarks will be confined to the hepatic form of 
glycogen disease (von Gierke’s disease), the only one in which I have had any experience. A few 
years ago Dr. Edward Bridge and I reported upon this disease. We made some clinical observations, 
noting among other things a tendency to obesity and a favorable response to indirect carbohydrate 
therapy (e.g., extra protein therapy). We also attempted to throw light on the nature of the 
glycogenolytic defect. I shall now report some experiences and further observations made in the 
interim which have in part confirmed and in part changed the points of view we held at that time. 

I am inclined to think that Dr. Bridge and I were unduly rigid in demanding that the liver 
should contain 10% or more glycogen to establish the diagnosis of von Gierke’s disease. I have 
since seen unquestionable cases in which analysis of biopsy specimens gave a lower figure. In the 
past glycogen disease has been regarded as an all-or-none affair; different grades of severity were 
not appreciated. There is, however, suggestive evidence that differences in severity exist. This 
evidence is partly clinical, partly chemical and partly histologic. Hypoglycemia is much more of a 
problem in some patients than others, and the same may be said of ketosis. The glycogen content 
of the liver may vary at least between the limits of 6% and 15%. In typical cases the microscopic 
appearance of the liver cells is characteristic—they are large “‘plant-like’” cells—3 to 4 times the 
diameter of a normal liver cell, with a centrally placed nucleus and small cytoplasmic granules filled 
with glycogen. In appearance they resemble early embryonic hepatic cells and all the liver cells 
are so affected. My colleague, Dr. William Von Glahn, has called my attention to the existence of 
livers in which the typical appearance of von Gierke’s disease is present in certain areas of the liver 
only, those elsewhere appearing quite normal. It is of interest in this connection that in the cardiac 
form of von Gierke’s disease the large vacuolated embryonic type of cell commonly affects the entire 
heart. However, there are encountered hearts in which such changes are found only in localized 
areas. These cases are usually diagnosed as rhabdomyoma. Thus it is possible that both in the hepatic 
and cardiac forms of glycogen disease incomplete forms may exist. 

Acetonuria is commonly thought to be an invariable and striking characteristic of hepatic glycogen 
disease. We were troubled at not finding this symptom in an otherwise typical case until the report 
of Van Creveld came to our attention, pointing out that acetonemia may exist without acetonuria. 
The suggestion has been made that when the glycogen disease affects the kidney as well as the 
liver, this situation may prevail. Studies of kidney function in renal glycogenosis are needed to 
confirm this. 

Although hepatic glycogen disease is commonly thought to be a disorder of carbohydrate metabolism 
alone, it has been clear for some time that there is, during infancy at least, a concomitant disorder 
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of fat metabolism. The literature contains a number of reports of lipemia in these cases and Dr. 
Bridge and I, in one of our patients studied in Baltimore, observed the disappearance of this 
phenomenon between the age of 2 and 6 years. A second instance of such disappearance has since 
come to my attention. In keeping with the observations on early lipemia are analyses of the liver 
itself made at this period in the disease which have shown abnormal accumulations of fat together 
with glycogen; such findings have not been reported in older subjects. 

As Dr. Najjar has pointed out, the nature of the glycogenolytic defect in this disease is still 
obscure—it may be that the glycogen itself is abnormal in structure or it may be that the enzyme 
system is faulty, Since most enzyme systems are reversible it is difficult to explain the coexistence 
of defective glycogenolysis with normal glycogenesis. There is, however, evidence that in one step 
of the process a different enzyme is concerned in the synthetic and the lytic process: the formation of 
glucose 6-phosphate from glucose is performed by the enzyme phosphokinase, whereas the degrada- 
tion of glucose 6-phosphate to glucose is performed by glucose 6-phosphatase. This unusual relation- 
ship suggested to us that glucose 6-phosphatase might be the deficient factor in glycogen disease, 
since such a deficit would permit normal glycogenesis but defective glycogenolysis. Through the 
kindness of Dr. Spurtes in Dr. Ochoa’s department measurements of glucose 6-phosphatase were 
made on a specimen of liver removed at biopsy from one of our patients. The quantity of this 
enzyme was found to be low as compared with a normal liver. We do not, however, feel justified 
in drawing the conclusion that glucose 6-phosphatase is defective in this disease since the size of the 
liver must also be taken into account. Even though the enzyme was low in terms of a unit of liver 
weight, the quantity present in the liver as a whole did not appear to be reduced. 

I shall close by mentioning some recent clinical experiences with von Gierke’s disease—some 
pleasant and some the contrary. On the positive side, we have had further clinical experience with 
an additional late evening meal, high in protein and can confirm the observation that under these 
conditions normal growth is resumed, the additional protein serving to make up for the protein 
which in this disease is diverted from growth needs to meet the needs of carbohydrate metabolism. 
There is also now available from several sources information indicating that some tendency to 
recovery from the carbohydrate metabolic defect occurs with adolesence, and it may be that complete 
recovery eventually occurs. 

On the unpleasant side I should like to record two experiences. In one instance in which my ad- 
vice was sought as to whether a further pregnancy should be undertaken in a family whose first 
child had died of glycogen disease, I made the error of belittling the possibility of its occurrence 
in siblings and was properly embarrassed when the second child exhibited the disease. When one 
considers the reports of glycogen disease in the literature, most have been isolated instances and 
only a few have been in siblings. However, when one considers the reports in which information on 
siblings was available, the familial incidence is impressive. 

My second unpleasant experience was in the case of a child of 11 months with what appeared 
to be a minor upper respiratory infection who was fasted 16 hours to make observations on the 
blood sugar curve. The patient went into collapse, developed hyperpnea, was found to be acidotic 
and hypoglycemic and despite vigorous administration of intravenous glucose, the hypoglycemia was 
difficult to control and a fatal termination occurred within a few hours. A seond patient, in which 
the sequence of events was almost identical, I saw with Dr. Murray Bass, who has knowledge of 
several other like ones. The explanation for these untoward episodes is not altogether clear, The 
acidosis was not a ketone body acidosis, judged by the absence of ketonuria, but this does not exclude 
the possibility of ketonemia without ketonuria. Accumulation of lactic acid has been noted by H. H. 
Mason under such circumstances and we may have been dealing with a lactic acid acidosis. It is 
difficult to escape the conclusion that some defect of carbohydrate utilization is coupled with the 
defect of glycogenolysis. Only thus can one account for the difficulty in sustaining the blood glucose 
level. Resistant hypoglycemic states have been observed in other conditions—particularly in terminal 
diarrheas. Whatever the explanation these experiences have made us extremely cautious in carrying 
out any procedure that involves even very temporary withholding of food. 

Dr. Harry T. Nagel, Maywood, Ill.: Has ACTH been tried in the therapy of glycogen storage 
disease ? 

Dr. Holt: We treated one of the cases in Baltimore with cortisone which was then known as 
compound E. There was only a small amount available, enough to treat a patient for one day. This 
was inadequate treatment for it failed to accomplish anything. 

Dr. Samuel S. Glick, Baltimore: Have you had any experience with cases of glycogen disease 
involving the heart ? 

Dr. Holt: No. 
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Dr. D. Thurston, Glendale, Mo.: In what way do salicylates interfere in carbohydrate metabolism ? 
I mean salicylate poisoning where you get hypoglycemia. The British have reported the use of salicy- 
lates given in large doses in a syndrome that is characteristic of the one due to excess cortisone. 

Chairman Najjar: The effect in salicylate poisoning may well be due to excessive utilization of 
glucose. The increase in metabolism following high doses of salicylate may be the result of increased 
tissue respiration. The effect may be similar to that exerted by dinitrophenol. This substance increases 
the metabolic rate apparently by dissociating two well coordinated processes in metabolism, i.e., 
oxidation and phosphorilation. Thyroxine seems to act in such a manner. If salicylates have a similar 
effect, then the absorption of glucose will be interfered with and what is absorbed will be quickly 
oxidized, eventually producing hypoglycemia. 

Dr. H. B. Rothbart, Detroit: Dr. Holt, do these defects right themselves after the age of puberty ? 

Dr. Holt: Yes, as far as I know. 

Chairman Najjar: In connection with this question I would like to stress the possible multiplicity 
of defects in this disease. As I mentioned earlier, the glycogen in one case tested by Dr. G. Cori was 
abnormal. That case had cirrhotic changes in the liver. On the other hand, similar cases were also 
studied and showed a normal type of glycogen. This then is definitely not the only defect one might 
encounter in glycogen disease. When an organ like the liver can synthesize glycogen, it necessarily 
means that all the enzymes needed for synthesis are present. With the exception of the first enzyme, 
hexokinase, all the others are reversible down to the glucose-6-phosphatase step. This step is the most 
logical one to incriminate, in that the enzyme would be absent in glycogen disease of the liver. 
If that is true, this type of defect can apply only to glycogen disease of the liver, since normal muscle 
has no such enzyme and therefore cannot produce glucose from its glycogen stores. Glycogen disease 
of muscle would be caused by some other type of defect. 

Dr. Nelson Newmark, Springfield, Mass.: How often do you do a liver biopsy or muscle biopsy 
for diagnosis? 

Chairman Najjar: If there is a large liver with symptoms of hypoglycemia, one is fully justified, 
I believe, in suspecting glycogen disease and for verification a liver biopsy would be indicated. 
Regarding muscle biopsy, the problem is a little different. Cases with glycogen disease of muscle 
alone show little or no demonstrable disturbance in carbohydrate metabolism. The only clue they 
offer is enlargement of the heart and cardiac failure. Under these circumstances, when no common 
disease of the heart is suggested by the course of the illness, then one is justified in obtaining a piece 
of skeletal muscle for study. 

Dr. Carl Zelson, New York City: Did you find an increase in urinary amylase with a decrease in 
blood amylase? 

Dr. Holt: Amylase was not studied. 


Dr. Carl Zelson, New York City: In my case we had a definite decrease in blood amylase with a 
marked increase in urinary amylase. 


Dr. Holt: We tried amylase in vitro; the glycogen was split down. We tried treating a child with 
amylase without any effect at all. 

Dr. Hyman Alford, Newton, Mass.: Are there any characteristic ECG changes? 

Dr. Holt: There have been ECG changes reported but I wouldn't say they are characteristic. 

Chairman Najjar: Before proceeding with another aspect of this problem which Dr. Lytt Gardner 
will discuss, I would like to comment on the question that Dr. Holt raised regarding the irreversible 
hypoglycemia observed by him and leading to death. It is fortunate that such cases are in the minority. 
Most cases of glycogen disease do not show such severe hypoglycemia. The irreversible damage may 
well be due to the fact that brain tissue that derives its nutrition mainly from glucose cannot under 
certain circumstances withstand prolonged hypoglycemia. Either that, or that the real damage is 
done when there is loss of potassium from the brain cell due to poor availability of glucose. It has 
been demonstrated that potassium moves out of the cells when glucose is withheld from brain tissue 
and moves back in again when glucose is furnished. 


We will now hear from Dr. Lytt Gardner, who will discuss some hormonal influences on 
carbohydrate metabolism. 


EXOGENOUS HYPERADRENOCORTICISM 


Dr. Lytt I. Gardner, Baltimore: It seems appropriate at this time to review some of the metabolic 
effects of exogenous adrenocortical hormones on protein, carbohydrate, fat and electrolyte metabolism. 
These effects bear directly on the function of cellular enzymes, since enzymes are proteins which par- 
ticipate intimately in intermediary organic metabolism, and which require a specific ionic environment. 
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Such considerations are also essential to a proper understanding of the toxic effects which may result 
from the administration of ACTH or cortisone-like steroids. 

Whereas endogenous hyperadrenocorticism of the Cushing’s syndrome type is a rare disease in 
children, the last 2 years have seen exogenous hyperadrenocorticism due to ACTH or cortisone be- 
come a common pediatric condition. Furthermore, new adrenal steroids are on clinical trial, and it is 
likely that the pediatrician will soon have to cope with them. Hydrocortisone (compound F; 17- 
hydroxycorticosterone) has recently been administered orally to adult arthritic patients by Ward, 
Slocumb, Polley, Lowman and Hench with antirheumatic effects similar to those produced by corti- 
sone. Wilkins, Gardner, Crigler, Migeon and Silverman have administered hydrocortisone to a child 
with congenital adrenal hyperplasia with androgen-suppressive effects equivalent to cortisone. The 
latter workers have also administered corticosterone (compound B) to one infant with the Na-losing 
type of congenital adrenal hyperplasia. There resulted an improvement in Na retention and partial 
suppression of the excess androgens. 

In view of the increasing multiplicity of these therapeutic agents in pediatrics, let us review some 
of the knowledge concerning their physiologic effects. 


Intermediary Metabolism of Carbohydrate, Protein and Fat 


Twenty years ago Britton and Silvette at the University of Virginia discovered that the admin- 
istration of adrenal extracts to normal and adrenalectomized animals produced an increase in the 
concentrations of blood sugar and liver glycogen. These experiments were amplified by Long, Katzin 
and Fry at Yale, who published their definitive study in 1940 (Endocrinol. 26:309, 1940). These 
workers found that the administration of adrenal extract or crystalline 11-oxygenated steroids (corti- 
sone, hydrocortisone and corticosterone) caused an increase in the concentrations of blood sugar and 
liver glycogen, and an increased urinary N excretion. Their animals showed an absolute increase in 
body carbohydrate and a decrease in respiratory quotient as measured by the Haldane device. Thus 
there appeared to be a slowing down in the oxidation of glucose, together with an increase of gluco- 
neogenesis from protein. Later Li, Simpson and Evans found that there was an absolute increase in 
body fat of rats treated with ACTH. Clinical studies in man by less direct methods have borne out 
most of these findings. Whether there is a negative N balance in man seems to depend upon appe- 
tite, since some patients on large doses of ACTH or cortisone maintain a positive N balance in the 
face of excess urinary N loss by voluntarily increasing their food intake. As F. L. Engel has pointed 
out (Am. J. Med. 10:556, 1951), the possibility exists that the hyperphagia which frequently ac- 
companies ACTH or cortisone therapy represents a homeostatic response by the body to prevent un- 
due N loss. 

Electrolyte Metabolism 


There is great variation among adrenal steroids in their respective influences on electrolyte and 
organic metabolism.* Desoxycortisosterone (DCA) is potent in causing urinary Na retention and K 
excretion, but it has essentially no effect on carbohydrate metabolism. Corticosterone occupies an in- 
termediate position. It has some DCA-like effect on Na and K, and in addition has an influence on 
carbohydrate metabolism. At the other extreme both cortisone and hydrocortisone have relatively little 
Na-retaining effect, but have a very marked carbohydrate effect. In the presence of an intact adrenal 
cortex, ACTH is quite effective both on electrolyte and carbohydrate metabolism. 

The continued administration of cortisone or ACTH may result in cumulative K deficiency. K 
deficient animals show myocardial lesions, electrocardiographic changes and replacement of intra- 
cellular K by Na, Mg and Ca. Serum K and Cl concentrations are low, and serum CO: concentration 
is high. In such animals chronic diarrhea may develop. The administration of K rapidly corrects the 
metabolic abnormalities. 

Most of the above findings have been described in patients with chronic K deficit, and the ad- 
ministration of K parenterally or by mouth has been beneficial. 


Detection and Management of Adrenal Hormone Toxicity 


It should be pointed out that toxic effects are most likely to be seen in those diseases which 
require a therapeutic dose level of ACTH or cortisone that approaches the toxic level. Rheumatoid 


* The relationships of chemical structure to physiologic action of adrenal steroids were outlined in 


a previous Panel Discussion: The Adrenal Gland in Health and Disease, A. W. Jacobsen, Chairman, 
PEDIATRICS 3:515, 1949. 
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arthritis, rheumatic heart disease and the hypersensitivity syndromes are examples of this group. On 
the other hand, an entirely different mode of action of cortisone appears to obtain in congenital 
adrenal hyperplasia, so that fortunately in that group of cases the effective dose of cortisone is 
usually well below the toxic level. 

Some of the metabolic abnormalities previously described may serve as aids in appraising the 
clinical state of children on chronic therapy with ACTH or the 11-oxygenated steroids. 

1. Disordered Carbohydrate Metabolism: If a diabetic child is given ACTH or cortisone for any 
reason, one should expect an immediate increase in insulin requirement. In nondiabetic children dis- 
turbances of carbohydrate metabolism on hormonal therapy have been rare. 

2. Disordered Protein Metabolism: The maintenance of proper N balance in a growing child on 
chronic ACTH or cortisone therapy poses a serious problem not encountered in adult patients, since 
somatic growth is a sensitive reflection of N balance. Because these hormonal agents may produce 
negative N balance if N intake is not adequate, the pediatrician must watch carefully the appetite and 
food intake of such patients, especially the protein intake. In infants and children receiving ACTH or 
cortisone, the use of testosterone to enhance N balance is contraindicated. Periodic measurement of 
longitudinal growth, body weight, and bony maturation by x-ray are simple, objective procedures 
which aid in estimating clinical progress. 

Interference with the normal formation of immune proteins may result from intensive hormonal 
therapy. As a result a previously positive tuberculin test may react negatively, and septicemia or 
parasitemia may develop silently. Interference with fibroblastic proliferation may result in abscesses 
of atypical architecture. 

3. Disordered Electrolyte Metabolism: Fluid retention with edema is often the first sign of K 
deficit in patients receiving ACTH or cortisone. A daily chart of fluid intake-output is useful in 
predicting trouble. When such patients develop low serum Cl and increased serum CO: concentra- 
tions, K deficit is a virtual certainty. The finding of a low serum K concentration is confirmatory, 
although more difficult technically. Electrocardiographic abnormalities, such as low or inverted T- 
waves, depressed ST segments and prolonged QT interval may develop. If dietary Na restriction is 
ineffective, the addition of 0.5 to 3 gm. KCl by mouth each day may be helpful. 


Summary 


The administration of ACTH or 11-oxygenated steroids to animals results in: (a) increased 
blood sugar and liver glycogen concentrations, partially as a result of decreased glucose oxidation; 
(b) increased urinary N excretion; (c) increased total body fat, and (d) tendency toward Na re- 
tention and K deficit. In clinical studies these findings have been largely confirmed, using indirect 
technics. Children on long-term treatment with full doses of adrenal hormones present a special 
problem, since the foregoing metabolic abnormalities cause inhibition of somatic growth. Periodic 
clinical appraisal of these patients with careful longitudinal measurements, body weight and x-rays 
for bony maturation are suggested. The importance of a food intake adequate to offset a negative 
N balance is stressed, as well as the provision of added K to prevent chronic K deficiency. 

Question: How soon after you start treatment does K deficiency develop? That is, if you are 
using cortisone. 

Dr. Gardner: Compared with desoxycorticosterone, cortisone is a relatively weak K depleting 
agent, and the development of clinically measurable K deficiency on full doses of cortisone may take 
several weeks or even longer. This variability of K depleting effect may depend to a great extent upon 
the dietary intake of Na, since K deficit appears to develop much more readily in the presence of 
adequate or more than adequate Na intake. 

Chairman Najjar: In bringing this discussion to an end, I would like to repeat some of the high- 
lights presented here. We know now that some cases of hypoglycemia show absence of the alpha 
cells of the islet tissue of the pancreas. When pancreatic tissue is obtained under circumstances re- 
quiring surgical exploration, one must look for the alpha cells. These cells excrete a hormone, here- 
tofore unsuspected, the hyperglycemic hormone. This is in the process of being produced commer- 
cially and should be available in the future. This hormone may well have the therapeutic potentiali- 
ties for those cases, as insulin has for diabetic patients. Cases with glycogen disease may show severe 
and irreversible hypoglycemia. Some cases show abnormal glycogen and there is a good possibility 
that a defect in the enzyme system is responsible. Hormones play a significant role in carbohydrate 
metabolism and, when uncontrolled, may have a deleterious effect as witnessed by the development 
of Cushing’s syndrome following ACTH therapy. 
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TWO DIABETIC CHILDREN 


ELLiottT P. Joslin, M.D. 


This is the second time I have had the honor of appearing before a pediatric gathering. The first 
was in 1917, when I spoke at the Boston Medical Library. Pessimism then was so rampant about 
diabetes in childhood that I asked Rexane, 4 years old, with diabetes of 2 years’ duration, to come 
to the meeting and to dance and to sing before the doctors to show a child could be happy, though 
diabetic. I believe it made an impression, just as did her picture with her dog in her arms when I 
showed it to a Committee of the Massachusetts Legislature and pleaded with them not to outlaw 
attempts with animals to discover a better treament of diabetes. Her mother added to the occasion 
when she said she knew Rexane’s dog, Tevis, would willingly give his life to save Kexane. 

Rexane’s father was the Admiral who laid the North Sea barrage in the first World War. In fact 
Tevis was with him, tumbled into the sea at Cherbourg, but was rescued by the sailors. Rexane at 5 
went on the stage of the local theatre to sell Liberty Bonds so as to protect her daddy and other 
children’s fathers and bring them home. But I suspect this was not all Rexane accomplished. Later, 
another Admiral, her family’s friend, and our patient, developed the disease, lived successfully, and 
just recently, after an interval of 27 years, through his widow, left to the Harvard Medical School 
$185,000 for research in diabetes. 

I hope you do not take it amiss that our group cares for so many ‘diabetic children. In a way it 
is not our fault. It came about because that sainted pediatric professor whom we all so much respect 
once exclaimed he hoped he would never see another diabetic child. And so these tiny diabetic 
urchins came to us, largely because no one else wanted them and also because Frederick M. Allen 
gave us the courage to starve a child to let him live with the hope of better days in store. And to 
prove I was justified in so doing, I have continued to report upon all our fatal cases; an idea which 
I still believe sound and hope others may imitate. Rexane was 29th on my list in 1922 to get insulin, 
but died because we postponed entrance to the hospital until after the Christmas holidays. 

The stone which the builders rejected became the head of the corner and so when we started our 
Expectation of Life Medal, we used the symbol of a child sailing his boat on uncharted seas. 

Today our children remain our explorers of uncharted diabetic seas. So many adults have now 
received those medals for having lived longer with diabetes than they were expected to live without 
it, that sometimes one wonders if the day will come when we will cultivate diabetic patients, because 
they may become healthier, more rugged and perhaps have more self control, common sense and in- 
teliigence than the nondiabetic. Bouchardat recognized this a century ago. It can be accepted as a fact 
that medals, honorary degrees and distinctions are received by diabetic patients, far out of proportion to 
their number in the population. Who knows what the future holds? It may be a distinction to have 
a diabetic ancestor in a branch of your family tree. Don’t we need diabetic patients to teach us how to 
postpone arteriosclerosis ? 

Today “seeing is believing’ and so I have asked one of our children to fly to Toronto. He de- 
veloped diabetes at 14 years of age in 1920, began treatment at the Columbia Medical Center that 
same year, and the next year started the use of insulin. He fell to my lot because someone in my 
family had the foresight to marry his aunt. 

His diet in the first few years was always meagre: carbohydrate 50, protein 90 and fat 75 gm., 
but he held to it. At that time, perhaps my best diabetic nurse entered his family. In 1922, with 3% 
glycosuria and 3+ diacetic acid, he fasted and became sugar-free. Slowly his diet was raised at first 
to carbohydrate 27, protein 38, fat 99 gm. and subsequently, carbohydrate 56, protein 64, fat 150 in 
1927 and since then the diet has risen gradually to at least carbohydrate 180, protein 90 while fat 
has dropped to 100 gm. 

His nurse cared for him 7 years here and abroad, taught him how insulin could be lessened when 
he played tennis hard in the Bois de Boulogne, and how he and she alone could safely fly his aero- 
plane on week end trips from New Jersey to Cape Cod. Since his marriage, his wife and he have 
devoted themselves to controlling his diabetes day in and day out, bringing up a family of 3 children, 
and he has conducted without interruption by sickness, related to diabetes, an extensive business. 

This patient, Case No. 2410, whom you now see, is our first Quarter Century Victory Medal Case, 
receiving the medal in 1946 because of perfect eyes, perfect arteries and a sound body, all certified 
by specialists. To encourage you and me, he and his wife are paying us the honor of flying some 
thousand miles to prove what St. Paul once said: “That he that ploweth, should plow in hope and 
that he that thresheth in hope should be partaker of his hope.” 
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INFANTILE DIABETES 


ALVAH L. Newcoms, M.D. 


Dr. Best has paid me an undeserved compliment for arranging this excellent program, I had no 
part in it except to suggest to Dr. Silverthorne that a program on carbohydrate metabolism was 
mandatory when we met in Toronto, the city of Banting, Best and insulin. 

Dr. Wrenshall’s work on the assay of extractable insulin from the human pancreas is another 
milestone in the advance of medicine. It is hoped that the next step will be a method for the assay 
of the circulating insulin. 

We are going to discuss the symptoms and signs of diabetes mellitus which we observed in 6 
infants at the Children’s Memorial Hospital. These 6 patients were discovered during the admission 
of 202 diabetic children. 

The clinical picture and the difficulties in making a correct initial diagnosis of diabetes in acutely 
ill infants with infection will be presented. Dr. Alexis F. Hartmann, at a seminar on Sunday, sug- 
gested that an admitting resident or nurse with a keen sense for the odor of acetone ought to estab- 
lish the diagnosis at once. Certainly, a diagnosis of diabetic acidosis ought soon be established by the 
detection of glycosuria and ketonuria, if one suspected that syndrome on hospital admission. 

The symptoms and signs in our 6 patients in order of frequency are listed below. It will -be noted 
that polyuria and loss of weight are the only cardinal symptoms of diabetes presented: 
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Teeiee: Gd StS OL CRPINOENER 5. ooo 2e ans pha. Gals So eh bh eg a eae ee 66% 
GEE MINA: WORMS 5 05:8 anos 53 br oe yO ae ened dS GOS tees 66% 
MOI 55 06) iis oer haps. aia stcubee ately 4 ohoas bao eiotow’ Sark clans acter engine areas 66% 
WP NI tS 555s 5 Bain drohk o Sst rae geaya Sega a Rep epson hy alee aac g ee ae is oe le een 66% 
MANNE OE WRONG oc5 55S S Gals, HS ete Rive he ee Sieh otie o A een Ee 33% 


The predominance of symptoms and signs of severe respiratory infection in infants with diabetes 
is not given prominence in the world’s literature. We wish to point out the possibility of diabetes in 
infants as one disease to eliminate in the differential diagnosis when severe respiratory symptoms and 
signs improve with replacement fluid and electrolyte therapy and the antibiotics, but when hyperpnea 
persists. 

The following case report indicates an extremely severe type of the disease. J. G., a 12 month old 
baby boy, patient of Doctor Arthur Shafton, was admitted to the Children’s Memorial Hospital, with 
a history of restlessness, anorexia for 3 days and a fever of 38.3°C. The day prior to admission, he 
vomited twice and the respirations became heavy and rapid. The following morning, after vomiting 
twice, he was rushed to the hospital. 

Birth, developmental and family histories were noncontributory. 

Physical examination revealed a well-developed comatose infant boy in shock and not responding 
to stimuli. The temperature was 39.4°C. rectally and the respirations were 42/min., being deep and 
regular with flaring of the ala nasae. The pulse, thready and weak in quality, was 136/min. Fine 
rales were heard at both bases with suppression of the breath sounds at the right base. Bronchial 
breathing was heard in the left axilla. He was treated for pneumonia immediately with penicillin 
and plasma and 250 cc. of one-sixth molar sodium lactate given intravenously. Supportive measures 
initially produced a good response. Within 6 hours after admission, the chest had cleared remarkably 
with only a few rales remaining; however, the respirations remained deep and rapid and the patient 
was still comatose. A urinalysis revealed 4+ sugar, acetone and diacetic acid. The carbon dioxide 
content was 15.5 vol. % and plasma chlorides were 373 mg./cc. Twenty units of regular insulin 
were given subcutaneously. The same dose was repeated in 3 hr. After 6 hr., 10 units were adminis- 
tered. At that time, the urine showed 2+ sugar, 4+ acetone and diacetic acid. A total of 300 cc. of 
normal saline, followed by 400 cc. of 5% dextrose in water were given intravenously. 

Fifteen hours following admission, the urine showed 3+ sugar and 4+ acetone and diacetic acid. 
Ten units of regular insulin were then given. Response was noted shortly and the patient awakened. 
The urine was only 1+ with 3+ acetone and diacetic acid. Four units of regular insulin were given 
3 hours after the last injection. Three hours later, 21 hours after admission, the patient developed 
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severe, near fatal, insulin shock with apnea and cyanosis, He was revived by artificial respiration and 
rapid intravenous injection of 10% dextrose in water. 

He was then placed upon’a 6 hour management with intravenous feedings until he was able to eat, 
which was on the fourth hospital day. 

The correct admission diagnosis was made in only one of the 6 patients. Acidosis, renal anomaly 
and acidosis, bronchopneumonia, meningitis and bronchopneumonia, and shock were listed as the 
clinical impression on admission to the hospital. 


ACTION OF INSULIN 
CHARLES H. Best, M.D. 


The subject of the action of insulin has interested hundreds of scientists since Banting and Best 
asked themselves this question in 1921. The junior partner wrote his M.A. thesis in physiology in 
1922 on the changes in respiratory exchange produced in diabetic dogs and a diabetic patient (the 
first doctor to be treated with insulin, who lived until a few months ago). Everyone agrees that in- 
sulin accelerates the removal of glucose from blood and its entry into tissue cells where it is formed 
into fat and glycogen. Insulin removes the blocks in enzyme action necessary (1) for the formation 
of glucose-6-phosphate or its conversion to fructose-6-phosphate, and (2) the synthesis of fatty 
acids from 2 carbon compounds. The fall in blood phosphate and potassium are related to these 
intracellular conversions but the steps are not yet clear. The interaction of insulin and the growth 
hormone and their combined and individual effects on nitrogen balance and protein synthesis were 
discussed. Dr. Best was convinced that the evidence in human subjects (Bondy, Sherlock) showed 
that insulin decreased gluconeogenesis from protein. This is another anabolic effect. The recent 
work with labelled dextrose strongly indicates that combustion of glucose is also increased by insulin 
and it appears probable that older conceptions to the contrary will have to be revised unless the iso- 
topes are leading us astray. The group of catabolic processes, collectively called diabetes mellitus, 
are converted by insulin to anabolic reactions at the expense, apparently, of the combustion of a 
part of the sugar which disappears. 


INSULIN EXTRACTABLE FROM PANCREAS IN NON-DIABETIC AND 
DIABETIC CHILDREN 


GERALD A. WRENSHAW, PH.D., and R. C. Ritcuir, M.D. 


The insulin extractable from pancreas (I) has been determined by a standardized procedure in a 
series of 84 nondiabetic and diabetic children. 

In the nondiabetic subjects no trend was observed between the concentration of I and interval 
between death and autopsy. The concentrations of extractable insulin in islet tissue and in the beta- 
cells have been estimated. The former increases with age. The latter amounts to about 1% of the 
estimated wet weight of beta-cell tissue. The concentration of I decreases slowly with age. On the 
other hand I increases with age from prematurity through birth, a maximum being reached at about 
6 months after birth followed by a shallow minimum occurring in the third year of life. I rises con- 
tinuously thereafter, reaching adult level between the twelfth and seventeenth years of life. During 
this time, no sex differences in I were observed. 

I was found to be elevated above the age trend for other nondiabetic subjects in 7 of 8 nondiabetic 
leukemic children dying shortly after treatment with ACTH. In the eighth subject ACTH therapy 
produced hyperglycemia and glycosuria and I was subnormal. The concentration of I at operation was 
low in the removed portions of pancreas from the 3 out of 4 children with unexplained hypogly- 
cemia. It was low in 5 children dying with diarrhea, 4 dying in uremia, 2 dying after extended 
periods of under alimentation per se and in one child dying with glycogen storage disease. 

In the 9 diabetic humans where the condition was discovered during the normal period of growth 
(growth-onset type), I was found to be very low relative to that for nondiabetic controls, but was 
much higher on the average in subjects who had passed the age when full stature is normally attained 
before the discovery of the diabetic condition (maturity-onset type). This difference is, in part at 
least, associated with the very low values for I found in diabetic coma due to the relatively high 
proportion of coma deaths in young diabetic subjects. Duration of the diabetic state had no de- 
monstrable effect upon I in the maturity-onset type of subject. 

In terms of islet-cell histology and extractable insulin of pancreas only the growth-onset type of 
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diabetes of human subjects was found to be comparable to the meta-diabetes of animals, including 
the experimental diabetes of dogs induced by anterior pituitary factors. The possibility was advanced 
that the characteristic atrophy of the islets of Langerhans’ and very low values for the extractable in- 
sulin of pancreas at autopsy in growth-onset diabetes may be related to the simultaneous presence of 
hyperglycemia and growth factors. 


MANAGEMENT OF DIABETES IN CHILDREN 
A. L. CHute, M.D. 


The management of diabetes in children revolves about 4 main subjects: (1) education, (2) diet, 
(3) insulin and (4) exercise. 

Without intelligent co-operation and understanding on the part of the parent and the child, elab- 
orate calculation of diet, and the careful regulation of insulin, are at best a wasted effort—at their 
worst, a false cloak of security. 

The diet for a diabetic child must fulfill all the criteria for the diet of a normal child of the same 
age. It must be adequate in calories, minerals and vitamins, as well as in the essential elements of 
carbohydrate, fat and protein. The proportion of the latter in the diet should approximate those of 
any balanced nondiabetic diet. 

In the Hospital for Sick Children, we use the proportion of 2 gm. of carbohydrate to 1 of fat and 
0.9 of protein. Diets are most readily calculated according to age. We employ 5 main diets ranging 
from 1,430 calories for the 3 to 5 year olds to 2,450 calories for the 16 year olds. Each parent and 
child is fully trained in preparing the diet before they leave the hospital. To secure more nearly uni- 
form blood sugar levels, 6 meals a day are customary. These consist of 3 main meals, breakfast, 
luncheon and dinner and 3 small lunches of 10 to 15 gm. of carbohydrate at midmorning, 
midafternoon and bedtime. Diabetic control is greatly facilitated if the food is weighed. However, 
older children should be taught to gauge portions and understand how to make suitable substitu- 
tions in order that occasional meals may be taken out with friends, or in restaurants without embar- 
rassment or major loss of diabetic regulation. 

In case of illness, of moderate severity, the total caloric intake is reduced to 24 of the normal 
amount, but the usual foods may be consumed. In serious illness a liquid diet is employed consisting 
chiefly of fruit juices and milk, equal to 74 of the usual caloric requirement. At camp or when the 
child is taking part in athletic activities, an increase in the diet is necessary, 200 to 400 calories a 
day may be required in addition to their normal intake. 

Regulation of Insulin: Insulin is a necessity for all diabetic children. It should be employed just 
as soon as the diagnosis is established and must never be omitted. The knowledge of the types of 
insulin, in regard to time of onset, maximum effect and duration is essential for intelligent use. 
Briefly, unmodified or regular insulin has an onset of action in one hour; its maximum effect is 
reached in 4 hours and its duration is 8 hours. Protamine zinc insulin has a delay in its onset of 
reaction for approximately 6 hours. Its maximum effect occurs in 18 to 20 hours and the duration 
of action may be 36 hours or longer. Globin insulin has an onset of action in about 2 hours; a 
maximum effect in 8 hours; a duration of action of approximately 20 hours. NPH insulin has an 
onset of action in 2 hours, a maximum effect in 8 hours and a duration of action for 24 hours. One 
of the most satisfactory regimens in regard to insulin administration is to give both unmodified insulin 
and protamine zinc insulin in separate injections approximately 20 minutes before breakfast. In gen- 
eral 24 of the total dose is given as protamine zinc insulin and 14 as unmodified insulin. 

Recently NPH insulin, a new form of protamine zinc insulin has been used. In more than 50% 
of diabetic children, satisfactory control can be obtained by this insulin alone. If necessary unmodified 
insulin may be added to form a mixture without loss of the rapid action of the unmodified insulin 
such as is seen when it is mixed with protamine zinc insulin. 

Globin insulin gives results similar to NPH. As a general rule children under 5 years of age can- 
not be well adjusted to NPH insulin or globin insulin. Indeed, it should be emphasized that each 
patient requires individual study to determine the best insulin regimen and the most suitable dietary 
distribution, to bring about satisfactory regulation of his diabetic state. Rapid fluctuations from gly- 
cosuria to insulin reactions are frequent occurrences in children because diabetes is more labile in the 
young. In addition, variations in exercise and the frequency of infections upset the normal balance. 
To maintain reasonable control, the urine must be tested frequently—before each meal and at bed- 
time are ideal. However, in practice, a test before breakfast and one at 4 p.m. are useful guides. 
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The morning test indicates whether the long acting protamine zinc insulin is adequate, while the 
4 p.m. test indicates whether enough of the quick acting unmodified insulin is being employed. Pa- 
tients are taught to ignore occasional glycosuria; but glycosuria persisting for more than 2 to 3 days 
requires an increase in the insulin dosage. On the other hand, reactions occurring before lunch indicate 
an excess of unmodified insulin while nocturnal or early morning reactions are attributable to prota- 
mine zinc insulin. Such reactions require the reduction of the appropriate insulin. Mild reactions can 
be controlled with a teaspoonful of corn syrup, 2 lumps of sugar, or a piece of candy. If the child 
is unconscious the parents are instructed to give nothing by mouth, and to inject a 4% to Y cc. of 
epinephrine hydrochloride intramuscularly; if this is not effective a physician should inject 25 to 50 
cc. of 50% glucose intravenously. 

Diabetic coma is an emergency and if possible should be treated in the hospital with laboratory 
facilities. Unmodified insulin only should be used until acidosis and coma have been overcome. For 
infants, 5 units should be immediately given intramuscularly. Children of 1 to 5 years of age should 
receive 15 to 25 units; 5 to 10 years of age 25 to 50 units; and children 10 to 15, 50 to 75 units. 
If the patient is unconscious, a further dose equal to those already described should be given 
intravenously in addition to the intramuscular injection. Further dosage will depend on the response 
of the blood sugar which should be followed at 1 to 2 hour intervals until the blood sugar has re- 
turned to normal values. Intravenous fluids should be started as soon as possible. Hartmann’s 
Ringer’s lactate or normal saline are the most useful solutions. If, from the history, one suspects that 
the acidosis has been present for some time, and the CO. combining power is 15 vol. % or less, it is 
advisable to administer some form of alkali. To raise the CO: content, 1 vol. % may give 0.26 gm. 
of sodium bicarbonate/kg. body weight or 1.8 cc. of Sixth Molar Lactate/kg. body weight. Once the 
CO: combining power has risen to 25 vol. % or above, the further administration of fluids and 
sodium chloride solutions allows the kidney to regulate the acid base metabolism. Glucose solutions 
are usually not employed until the blood sugar has been brought to normal limits. Other methods of 
combating dehydration such as the intravenous administration of potassium, should be undertaken 
with a good deal of caution and it is usually best employed only in hospitals where laboratory 
facilities are available for measuring the concentration of these ions in the blood. Where labora- 
tory facilities are not available for checking potassium levels the early use of broth and fruit juices 
by mouth is usually all that is necessary to supply the potassium requirement of the individual 
except in most severe cases. 

Exercise plays a prominent part in the control of diabetes in children. Carbohydrate is burned 
with a greater economy of insulin during activity than at rest. Unaccustomed exercise by a diabetic 
patient receiving adequate insulin therefore may lead to an insulin reaction. In uncontrolled diabetes, 
on the other hand, exercise may cause increased fat utilization which in turn leads to ketosis and 
may lead to acidosis and possibly coma. 

The psychologic management of diabetic children is immensely important. Summer camps are an 
excellent aid in solving many of their problems. 


PROGNOSIS OF JUVENILE DIABETES 


PRISCILLA WHITE, M.D. 


Of 3,144 juvenile diabetic patients observed in the Joslin Clinic between 1898 and 1952, 875 might 
have survived 20 or more years of their disease. This number includes pre-insulin survivors as well 
as all patients who had onset of their diabetes between 1921 and 1931. Actually, of this number, 
702, or 80%, achieved this length of life. Such survival is remarkable because the juvenile diabetic 
patient has the most virulent form of the disease and the child’s normal rejection of the discipline 
and regimentation of diabetic treatment makes chemical control a difficult task. 

In spite of these hazards, the specific functions of childhood, adolescence and adult life were for 
the most part completed. All except a few (1%) eventually grew and developed in satisfactory 
fashion. The number who attended college was greater than that of the general population. Of the 
635 survivors in 1951, 90% were gainfully employed or carrying on useful lives. To the 139 males 
who reported their marriages, 156 children were born with 96% fetal survivals. One hundred 
ninety-five females reported marriages resulting in 289 pregnancies. One hundred ninety-seven of 
these reached viability with 75% fetal survival. 
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TABLE 1 

Status AFTER 20 To 24 Yrs. DuRATION OF DIABETES 

Complication Per Cent 
Gangrene 2 
Pulseless feet 11 
Calcified arteries 88 
Blindness 10 
Proliferating retinitis 58 
Nonproliferating retinitis 94 
Cerebro-vascular accidents 4 
Myocardial damage 18 
Hypertension 40 
Nephritis 37 


Incidence of Vascular Disease and Freedom from It 


Although physical, radiologic and postmortem examinations reveal in this group the great fre- 
quency of vascular lesions reported previously by us and others, an amazing number are free from 
incapacitating lesions after 20 years of their diabetes. The relative status is shown in table 1. 


Evolution of Vascular Disease 


The evolution of vascular disease in the juvenile diabetic patient shows the relatively early de- 
velopment and progressive inclusiveness of nonproliferating retinitis and calcification of arteries. 
The incidence of the nephropathies rises slowly to a peak and then tends to fall off. The level of 
blood pressure rises slowly and more constantly decade by decade. 


Mortality 


Of the 702 patients, 67, or 10%, died after 20 years. Vascular nephritis accounted for 63% of 
the deaths, coronary occlusion for 20 and miscellaneous causes for 17%. 


Relation of Control of Diabetes to Vascular Lesions 


In order to determine whether active diabetes influenced the frequency and severity of vascular 
lesions, the incidences of the more tangible evidences of poor control in the patients free from and 
in those who died from vascular disease were compared. The perfect group had infrequent evidence 
of severe ketoacidosis, hepatomegaly, hyperglycemia and hypercholesterolemia. The reverse was true of 
the patients who died from their vascular lesions. The relationship diabetic control, or the lack of it, 
bears to freedom from vascular lesions or disability as a result of them has been emphasized by 
Root and Wilson, by Jackson et al. and by Daeschner, Deisher and Hartman. 


Prophylactic Measures for the Prevention of Arteriosclerosis 


Immediate programs for control of vascular disease include the prescription for normal nutrition 
—adequate calories, high protein, controlled fat; quantities of insulin sufficient to the maintenance 
of the inactive diabetic state; correction of all infections and endocrine disturbances; wise use of 
rutin and, perhaps, sympathectomy as well as more complete education, better psychiatric handling 
and continuity of treatment. 


Conclusions 


Total absence of vascular disease occurred infrequently after 20 years of diabetes, but 8% only 
of the 702 twenty-year survivors died from their vascular lesions. Juvenile diabetic patients survive 
to more than middle age. Nearly all (over 90%) after 30 and after 25 years of diabetes were free 
from blindness, gangrene and cerebrovascular accidents. Two-thirds were free from the potentially 
incapacitating lesions proliferating retinitis and vascular nephritis. Vascular lesions did not appear 
to be dependent upon duration of diabetes alone. Poor control of diabetes paralleled both the degree 
and the frequency of the vascular lesions. Sepsis, too, appeared to be an important inciting factor. 
Some remedial measures have been attempted with apparent success. Despite the preponderance of 
vascular lesions after 20 years, they are not disabling in the majority of the cases. It is apparent that, 
just as lethal coma, lethal sepsis and lethal tuberculosis are no longer inevitable, lethal vascular dis- 
ease can be averted or, at least, postponed. 
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SPECIAL SECTIONS 
THE PEDIATRICIAN AND THE PUBLIC 


“A forum where discussion could be free, intelligent and continuous.” 
PauL A. Harper, M.D., Editor 


Statements appearing in this column do not necessarily reflect the opinion of the editor nor are they 
to be interpreted as the official opinion of the Academy. 


MATERNITY AND INFANT CARE FOR 
MILITARY DEPENDENTS 


An Official Statement Adopted by the Executive Board 
AMERICAN PUBLIC HEALTH ASSOCIATION, INC. 


URING the early days of World War II families of Servicemen in the lowest pay 
grades found difficulty in securing medical care at the time of the birth of a new 
baby. Two primary factors contributed to this difficulty: 


1. Insufficient financial resources of many men in lowest pay grades. 
2. Inadequate facilities for care in certain areas where there were large concentrations 
of servicemen. 


Such a state of affairs threatened the health of women and children. There also resulted 
an adverse effect on the morale of servicemen. At first local governmental agencies took 
action to remedy the situation; finally, the Emergency Maternity and Infant Care Pro- 
gram (EMIC) was established by the Federal government on a nationwide basis. This 
program was administered by State health agencies which received unmatched Federal 
funds through the Children’s Bureau. These funds paid for maternity care (prenatal, de- 
livery and postnatal), the care of any illness of the mother during the prenatal and post- 
natal period, and care of the infant (preventive and curative) during the first year of 
life. Wives and infants of men in the four lowest pay grades of the military services 
were eligible. During the total period of the war, over 1,200,000 mothers and 230,000 
infants received service under the program. At its peak, about one-seventh of the total 
births in the United States were included, and every state and territory was covered. 

This country has recently entered upon an indefinite and possibly long period of 
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military preparedness, during which time large numbers of young men will become mem- 
bers of the armed services. There is an increasing amount of discussion concerning possible 
Federal governmental assistance beyond that currently provided for the medical care of 
civilian dependents of military personnel. Proposals for such assistance are already before 
the Congress. The American Public Health Association believes that it is important to 
review the problem, in order to have available carefully considered recommendations that 
might facilitate the evaluation of any legislative proposals for governmental assistance. 

Two broad questions are basic to the entire problem: 

First, at what point in an increasing mobilization will some program of Federal as- 
sistance to the wives and children of men in the armed services become necessary ? 

Second, what form should it take ? 

Regarding the first question, it is clear that prediction of need at a specific future date 
is extremely difficult. However, certain items of information might serve as a basis for 
reaching a reasoned opinion as to whether a program was needed, or was likely to be 
needed at an early date. Such items as the following if kept up to date would be helpful 
in this respect: : 

The basic pay levels of the enlisted personnel by pay grades, including data concern- 
ing family and other special allowances. The number of enlisted men in each pay grade 
according to marital status and age. 

The birth rate among married servicemen according to pay grade. 

The number of requests for assistance, by type of request, made by enlisted personnel 
to the American Red Cross, to health and welfare departments and to similar agencies. 

The number of enlisted men by pay grades and location whose wives are living away 
from their usual place of abode in order to be with their husbands.* 

The amount and kind of medical care for civilian dependents which is being rendered 
or paid for by the armed forces.* 

Even without such specific information, certain general recommendations may be made 
on the basis of experience in World War II and a knowledge of various factors in 
the current situation. It seems likely that as the program for military preparedness develops 
the need for Federal assistance will first be urgently felt in the same area of medical care 
as before, namely, in the area of maternity and infant care. 

Therefore, this Association considers that the following are basic principles that should 
be used in evaluating any proposals for furnishing Federal assistance in this area. The 
program developed should: 

1. Provide for the ready acceptance of all who apply and are eligible for service, par- 
ticularly for non-residents and for those who started getting service in another state. 

2. Assure a high quality of medical care including the services of physicians, nurses and 
related personnel as well as hospitalization. 

3. Protect the physician-patient relationship, provide for free choice of physician; re- 
quire a minimum amount of paper work; provide adequate and fair compensation for 
services, and protect the freedom and initiative of physicians and medical institutions. 

4. Be designed to support the national effort during the emergency. 

5. Be the most economical consistent with high quality of care. 





* Such items as the last two might be obtained by inserting questions in the routine Attitude 
Survey Studies which are conducted by the armed services. 
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Care might be provided in a number of ways, of which the following represent four 
possibilities: an expansion of military medical service for civilian dependents; a program 
of cash payments; a revised EMIC; and a program administered solely through existing 
non-profit insurance agencies, such as Blue Cross and Blue Shield. 

According to present regulations, all civilian dependents of enlisted personnel may 
receive complete medical care from the armed service involved if the commanding officer 
of the hospital or other facility which might render the care deems the facility adequate. 
The overloading of such facilities by civilians may lead to building up medical military 
forces to an extent that would be undesirable, since such a process might easily remove too 
many doctors, nurses, and allied personnel from the community. Therefore the American 
Public Health Association seriously questions the wisdom of having military authorities 
responsible for the administration of a large medical program for civilians and does so not 
only because of the danger of overdevelopment, but also because such a trend is counter 
to sound community health organization for civilians. 

Furthermore, this Association is of the opinion that any proposal which involves direct 
cash payments to the family for the purchase of medical care is unsound. Such a form 
of payment has the advantage of simple administration for cases involving the care of 
uncomplicated pregnancies, for cases of well-defined illnesses, and even for certain items 
of health supervision such as immunization. The disadvantages, however, outweigh 
the advantages. There is no assurance that the money will be used for paying medical or 
hospital expenses. Even when so used, there is no assurance of care from licensed physicians 
or hospitalization which meets even minimum standards. Such assurance is the basic re- 
quirement of a program designed to prevent lowering of present levels of service and to 
avoid interruption of health care for mothers and children. Furthermore, for the morale 
of servicemen to be maintained, they must be certain that their families have health pro- 
tection rather than extra cash. A cash payment must be limited in amount to prevent sky- 
rocketing charges. Payment in cash does not guarantee that additional charges will not 
be made. General health supervision of the infant is likely to be inadequately covered. 
Finally, with a system of cash payments it is very difficult to write and administer legisla- 
tion which would provide for unusual complications or extraordinary costs. The im- 
portance of this to morale is obvious. 

The EMIC of World War II had many good features from both the professional and 
lay point of view. The program had the advantages that it emphasized good standards of 
medical care and operated within the framework of existing community organization. In 
general, hospitals and doctors provided service to EMIC patients in the way they provided 
it to their other patients. EMIC assured complete care, regardless of complications or dura- 
tion of illness. Many mothers, particularly the younger, ever-on-the-move group, found 
it very helpful to be able to deal, when necessary, with one agency, the Health Depart- 
ment, which in turn was usually able to direct them to community resources available to 
them. In complicated cases this was particularly helpful to the mother. On the other 
hand, there were justifiable complaints. While EMIC made allowance for variations in 
costs of hospital care, no satisfactory arrangement was found for making similar allowance 
for geographical variation in usual professional fees. Physicians, particularly in urban 
areas, felt fees were too low. Some states set up cumbersome and wasteful authorization 
procedures and reporting methods. The infant care provisions were but meagerly used, 
many ‘babies being “‘lost’’ as far as well baby supervision was concerned. 
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One important development of recent years introduces a new factor that should be 
carefully considered in any thinking about this problem. This is the rapid growth of 
hospital insurance plans and the smaller but significant growth of insurance for physicians’ 
services. The Blue Cross plans, for example, may offer possibilities for utilization because 
of their relatively advanced development. This applies especially to those which render 
service instead of paying cash indemnities. The feasibility of such a policy should be 
thoroughly explored. This approach would deserve serious consideration if a nation-wide 
uniform contract could be written providing quantitatively and qualitatively adequate 
service to the family dependents of members of the armed forces according to the standards 
set in this document. On the other hand, it is the opinion of this Association that a Blue 
Shield type of insurance for professional services would have to demonstrate its capacity 
for rapid and widespread distribution over the country and for more uniform scope of 
services covered before it should receive serious consideration. All non-profit insurance 
plans should be required to fulfill the qualitative and quantitative standards described 
below. 

It is not the function of this Association to recommend a detailed program, The 
following specific recommendations are presented, however, as general guides which, in 
our view, would result in an improvement over the EMIC program of World War II. 

1. The program should be set up by specific legislative act. This would provide a greater 
degree of stability. 

2. Within reason, sufficient time should be allowed local governmental units to pre- 
pare for the program. 

3. Sufficient administrative funds should be allowed to the Federal, state, and local 
groups that are to administer the program, and some of these funds should be available 
before the program is actually in operation. 

4, Coverage should be governed by general need, but should include wives and infants 
of all enlisted men eligible for dependents’ allowances and unmarried mothers and their 
infants when the father is an enlisted man and acknowledges paternity. 

5. The care covered should be complete medical, nursing, and hospital care for the 
mother during pregnancy, labor and the postpartum period up to six weeks following de- 
livery, as well as medical, nursing, and hospital care for the infant, including health super- 
vision, during the first two years of life. 

6. The program should be administered through the Children’s Bureau and State health 
departments on the basis of plans submitted by the State health departments. 

7. A national advisory council should be set up to advise, consult with and make recom- 
mendations to the administrator of the program. Such a council should be composed of a 
large group of persons (about 16-20) who can adequately represent the professional 
groups concerned, the interests of the individuals eligible for benefits, those administering 
service on the state level, and the public. They should elect their own chairman, set up 
their own agenda, meet on call of their chairman or the administrator at least annually, 
and their recommendations should be publicized. Each member of the advisory council 
should receive compensation for services rendered. 

8. State plans should foster a high quality of care through: 

a. Including only hospitals which meet specified standards as set by the State health 
agency. 
b. Promoting preventive care, particularly of children, with ailowance made fo: 
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payment of service in publicly supported programs such as child health conferences, as 
well as in the office of the private physician or in the hospital clinic. 

c. Experimenting with ways of following the mother and baby to help assure that 
the child gets care. 

d. Providing for an advisory committee composed of lay and professional repre- 
sentatives with power to elect its own chairman, set up its own agenda, and report and 
advise on the administration of the state program. 

9. There should be enough flexibility to allow states to experiment with different ways 
of providing the service through non-profit insurance plans so long as these insurance plans 
provide appropriate remuneration for doctors and hospitals, and the same scope and 
quality of services specified by the overall plan. 

10. State plans should foster ready transfer of patients and services on a regional basis 
within a state if such transfer will assist in taking the load off an overburdened area or 
in making additional services (particularly those of the medical consultant) available 
to the clients who live where they are not available. 

11. State plans should fulfill the five principles enumerated on page 509. 











TRENDS 
By JOHN P. Hussar, M.D., Contributing Editor 


Statements appearing in this column do not necessarily reflect the opinion of the editor nor are they 
to be interpreted as the official opinion of the Academy. 


PRACTICE OF PREVENTIVE PEDIATRIC CARE 


QUESTION which repeatedly arises in planning for broader distribution of health 
services for children is the extent to which health supervision is assumed to be a 
function of practicing physicians on the one hand and of official health agencies on the 
other hand. At the time of the Academy’s study of child health services, about 90% of 
the health supervision given to the preschool child was attributable to general practitioners 
and pediatricians in private practice and only about 10% given in well child conferences. It 
was also observed that the amount of health supervision was distinctly less in areas of 
low economic status than in the more favored areas. 

Since the Academy’s study was completed additional evidence has been brought to 
light which corroborates the dominant role of the practicing physician in preventive medi- 
cal care of infants and which again cites the discrepancy in both quantity and quality of 
care for the children of the less favored families.* By the use of fairly simple sampling 
technics, a study was conducted by Kandle and Goetz in one metropolitan center to de- 
termine the extent of immunization against diphtheria. This study, although limited to one 
city and one small fraction of health services for infants, indicates a trend which is im- 
portant to those who, as teachers or practitioners, are responsible for child health. 

Among the group of infants in the sample, the net level of immunization against 
diphtheria was 63% among white children and 41% among Negro children. In interpret- 
ing these data, the greater prevalence of diphtheria among whites should be taken into 
account. 

It is unsound to compare studies conducted by different technics at different times on 
different population groups. Nevertheless, it is interesting to note that in the more 
recent study by Kandle and Goetz, 86% of white children who had been immunized 
against diphtheria had received this service from their private physicians as compared 
with only 15% of Negro children. Conversely, 58% of Negro children were immunized 
in health centers and only 8.5% of white children. Similar results were found in respect to 
smallpox vaccination and also for routine health examinations for infants. Thus, in 
general, white infants received extensive preventive services primarily from their own 
physicians while Negro babies received much less both in quantity and quality and the 
services were provided in the latter case primarily by health centers and hospitals. 

When a comparison was made between the health protection for white infants of 
families in favorable circumstances and white infants of less favorable circumstances, the 
level of protection against diphtheria was significantly higher among the more prosperous 
group. There was no difference between the less advantaged white group and the Negro 
infants. 


* Kandle, R. P., and Goetz, H., “A Practical Method of Securing Data Regarding Services to 
Mothers and Infants,’ Am. J. Pub. Health 39:1451 (November) 1949. 
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The conclusion reached by the authors is quoted as follows: 

“In the city studied by this method, white mothers and their infants received extensive 
preventive medical services, primarily from their own doctors, while Negro mothers and 
their infants received much less both in quality and quantity, and it was provided mostly 
by health centers and hospitals. Securing high levels of the basic preventive services of 
immunization and medical antepartum care and medical supervision of infants seemed 
to depend chiefly upon the ability of the people to secure private physicians.” 











PUBLIC HEALTH, NURSING AND MEDICAL 
SOCIAL WORK 


Myron E, WEGMAN, M.D., Contributing Editor 


CURRENT STATUS OF BIRTH, DEATH AND 
INFANT MORTALITY RATES 


N THE basis of provisional data it appears that infant mortality in the United States 
has continued to improve in 1951, despite the fact that the birth rate has gone up 
again. The National Office of Vital Statistics, Public Health Service, has published in the 
Monthly Vital Statistics Bulletin for February 1952 an analysis of the telegraphic reports 
received from the various states for the year 1951. While the data are subject to correction 
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FIGURE 1 


and final figures will almost surely result in slight revisions, previous experience indicates 
that the general trend is quite accurate. 

Figure 1 presents the month by month comparison, throughout the year, for birth rate, 
death rate, and infant mortality rate. Marriage license rate is shown through November 
1951. It will be noted that in every month of the year the birth rate was higher 
than in the corresponding month of 1950. The annual rate was 24.5 per 1000 population, 
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4.3% higher than in 1950 but 5% lower than the peak birth rate reached in 1947. Taking 
into account an estimate for births which were not reported it is thought that 3,833,000 
births took place in 1951. This is the greatest number of births in one year in the history 
of our country, The increasing size of the problem of providing child health supervision 
for these infants will give food for thought to the pediatric profession. 

The death rate was variable through the year but approximated 1952 figures quite 
closely. For the whole year the estimated rate was 9.7, compared with 9.6 for 1950. It is 
the fourth consecutive year in which the death rate has been lower than 10 per 1000 
population. 

Infant mortality started off in the first two months of the year with rates slightly higher 
than in 1950 and it appeared that there might be a setback to the uninterrupted decline 
which has been in evidence in the past 15 years. During the rest of the year, however, the 
rate dropped consistently and by the end of the year the estimated total rate, 28.8 per 1000 
live births, was lower than the rate of 29.2 for 1950, establishing a new low record. It 
should be noted that the figures have been adjusted for the changing number of births 
since statisticians recognize that in an era of rising birth rate the crude figures may indicate 
a spuriously low infant mortality rate.’ Marriages appear to be declining slightly since the 
rate for the first 11 months of 1951, 9.9, was 8% lower than the rate for 1950. The 
effect of this decline on the birth rate will be felt next year. 

The downward trend in infant mortality rate since the first compilation of accurate na- 
tional statistics in 1915 has been little short of spectacular.? Furthermore, the decline in 
the latter half of this period has been even more rapid than in the first half. It is difficult 
to assign specific reasons for this but a number of developments since the early 1930's may 
be cited. Fellows of the Academy will recall that it was founded in 1930 and promptly 
embarked on activities “‘to improve the health and welfare of our children, to raise the 
standards of pediatric education and practice, and to encourage research in pediatrics.” 
Striking medical advances, particularly regarding diarrheal disease, other infections and 
care of newborn infants, have been registered. Enactment of the maternal and child health 
provisions of the Social Security Act resulted in a great extension of preventive health 
services to children. All of these, as well as general improvement in the sanitary environ- 
ment, have contributed to the decline. Further progress is to be looked for confidently if 
professional and community efforts are maintained. 
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CORRESPONDENCE 


My Dear Dr. MCCULLOCH: 


As examiner in pediatrics for the National Board of Medical Examiners, I would like to bring 
to the attention of the pediatricians an important change in Part III of the examination, as it 
involves pediatrics. This is the oral examination given at the end of a year’s internship by “subsidiary 
boards” in 29 medical centers throughout the country. The clinical nature of the examination provides 
an opportunity to determine the candidate's ability to apply the knowledge which he has previously 
demonstrated in the written examination of Parts I and II. 

For many years the examination has included medicine, surgery, and obstetrics as major subjects, 
while pediatrics has been included in a group of specialties as being of minor importance. The 
examination has been revised and pediatrics has been placed with the major subjects where it 
belongs. In the revised form an oral bedside examination will be given during one full day. Two 
hours are assigned to medicine and two hours to surgery, and one hour to pediatrics and one hour to 
obstetrics. 

It is expected that approximately 1500 candidates will take the examination in June in the 
various centers. If each examiner examines 6 hours (6 candidates) on the day of the examination it 
will require 500 examiners in medicine and in surgery, and 250 in pediatrics and in obstetrics. While 
the men in the other three groups are accustomed to the examination it is a new experience for 
pediatricians. The number of examiners needed at each center will depend on the number of candi- 
dates presenting themselves for the examination at the particular center. All details as to time, place, 
and who will be asked to assist in the examination, are in the hands of the local subsidiary board 
at the center. 

It further means that the wards of the children’s hospitals, and children’s wards in general hospi- 
tals, must be used to obtain material for the purpose of bedside examination. Previously the ex- 
amination has not called for the use of patients in the pediatric examination. 

As many pediatricians are aware it has taken years of continuing effort to have pediatrics 
recognized as one of the four major branches of clinical medicine. It was not until the mid-thirties 
that pediatrics was given a separate examination by the National Board of Medical Examiners in 
Part II of their examination. Now that the place of pediatrics has been fully recognized, it becomes 
the responsibility of the pediatricians, and the children’s hospital services, in the various centers to 
cooperate fully and wholeheartedly with the local subsidiary boards in the centers where the examina- 
tions will be held. 

BorDEN S. VEEDER, M.D., Examiner in Pediatrics of the NBME 
St. Louis 





NEWS. AND ANNOUNCEMENTS 


The creation of a Bureau for Handicapped Children and the designation of Dr. Helen M. Wallace 
as Director of the new Bureau has been announced by the Department of Health, City of New York. 

At present the program of the Bureau for Handicapped Children involves 6 different services for 
handicapped youngsters. It maintains a register of all children with orthopedic handicaps; it ad- 
ministers (at a cost of approximately $1,000,000 a year) the state aid program under which ap- 
proved hospitals and convalescent centers are paid for the care of handicapped children; operates 29 
diagnostic clinics chiefly for school age children; works with the Board of Education in placing 
children with handicaps in special classes; jointly, with the Board of Education and private organiza- 
tions operates 2 special school units for youngsters with cerebral palsy and cooperates with the 
New York Heart Association and New York University in a special pilot program for children with 
rheumatic fever and heart disease. 

















